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Appendix E2. Assessment of Risks to the Benthic
Invertebrate Community in the

Calcasieu Estuary

1.0 Introduction

In response to concerns regarding environmental contamination in the Calcasieu
Estuary, aRemedial Investigation/Feasibility Study (RI/FS) isbeing conductedinthe
estuary. One of the objectives of the RI/FS is to assess the risks posed by
environmental contamination to ecological receptors that inhabit key areas of the
Calcasieu Estuary. To meet this objective, a baseline ecological risk assessment
(BERA) must beundertaken in accordancewith the procedureslaid out by the United
StatesEnvironmental Protection Agency (USEPA) inthe Ecological Risk Assessment
Guidance for Superfund: Process for Designing and Conducting Ecological Risk
Assessments (USEPA 1997a). Under the eight-step processdescribed by the USEPA
for conducting a BERA, a screening ecological risk assessment (SERA) must be

conducted to provide preliminary estimates of exposure and risk.

In 1999, CDM Federal Programs Corporation (CDM) conducted a SERA for the
Calcasieu Estuary which concluded that there was a potential risk to ecological
receptors inhabiting the estuary from exposure to contaminated sediment and/or
surface water (CDM 1999). In September 2001, a Baseline Problem Formulation
(BPF; Appendix A; MacDonald et al. 2001) was prepared that identified chemicals
of potential concern (COPCs) and areas of interest, described the environmental fate
and ecological effects of the COPCs, and identified key exposure pathways and
receptorsat risk in the Estuary. The BPF also led to the development of assessment

and measurement endpoints, a conceptual model and a risk analysis plan for the
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BERA. Accordingly, the BPF defined the issues that needed to be addressed in the
BERA for the Calcasieu Estuary.

One of the important conclusions of the BPF was that benthic invertebrate
communities are likely to be exposed to various COPCs that occur in whole
sediments and pore water. The other groups of aguatic receptors that are addressed
in the Calcasieu Estuary BERA include: microbial communities (Appendix C);
aguatic plant communities (Appendix D); fish communities (Appendix F1 and F2);
avian communities (Appendix H); and, mammalian communities (Appendix |). The
COPCsin whole sediments, surface water, and/or pore water that were identified in
the BPF included various metals (i.e., copper, chromium, lead, mercury, nickel, and
zinc), chlorinated ethanes (i.e., 1,2-dichloroethane and trichloroethane; DCE and
TCA), polycyclic aromatic hydrocarbons (PAHS; i.e., 13 parent PAHs and total
PAHSs), polychlorinated biphenyls (PCBs; i.e., various Aroclor mixtures, PCB
congeners, and total PCBs), polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans [PCDFs; i.e., expressed as tetrachlorodibenzo-p-
dioxins - toxic equivaents (TCDD-TEQs)], hexachlorobenzene (HCB),
hexachlorobutadiene (HCBD), bis(2-ethylhexyl)phthalate (BEHP), carbon disulfide,
unionized ammonia, hydrogen sulfide, acetone, and several organochlorine pesticides
(i.e., adrin and dieldrin; see Table A1-7 of Appendix Al).

Conceptual Model

The conceptual site model represents a particularly important component of the
problem formulation because it enhances the level of understanding regarding the
relationships between human activities and ecological receptors at the site under

consideration. Specifically, the conceptual site model describes key relationships
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between stressors and assessment endpoints. In so doing, the conceptual model
provides aframework for predicting effects on ecological receptors and atemplate
for generating risk questions and testable hypotheses (USEPA 1997a; 1998). The
conceptual sitemodel aso providesameansof highlighting what isknown and what
IS not known about a site. In this way, the conceptual model provides a basis for
identifying data gaps and designing monitoring programs to acquire theinformation
necessary to complete the assessment. Conceptual site models consist of two main

elements:

* A setof hypothesesthat describe predicted rel ationshi psbetween stressors,
exposures, and assessment endpoint responses (along with arationale for
their selection); and,

» Diagramsthat illustrate the rel ationships presented in the risk hypotheses.

The conceptual site model of the Calcasieu Estuary is described in Chapter 7 of the
BPF (Appendix A). More specificaly, that chapter summarizes the available
information on the sources and releases of COPCs, the fate and transport of these
substances, the pathways by which ecol ogical receptors are exposed to the COPCs,
and the potential effects of these substances on the ecological receptorsthat occur in
the Calcasieu Estuary. In turn, this information was used to develop a series of
hypotheses that provide predictions regarding how ecological receptors are exposed
to and respond to the COPCs. The conceptual site model, which describes the
exposure pathways of greatest interest for benthic invertebrate communities, was
adopted for use in this deterministic risk assessment. Based on the pathways
identified in the conceptual model, whole sediments and pore water are likely to
represent the most important routes of exposure to COPCs for the benthic

invertebrate community. For this reason, other possible exposure pathways (e.g.,
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surface water) were not evaluated relative to the potential for adverse effects on the

benthic invertebrate communitiesin the estuary.

Areas of Concern

The Calcasieu River isone of the largest river systemsin southwest Louisiana(LA).
From its headwatersin the vicinity of Kisatchie National Forest (in Vernon Parish),
the Calcasieu River flows some 260 km to the Gulf of Mexico near Cameron, LA
(Figure E2-1). While much of the Cacasieu River system is relatively
uncontaminated, the portion of the watershed from the saltwater barrier near Lake
Charles, LA to the Intercoastal Waterway has undergone extensive industrial
development over the past five decades. These developmental activities have
resulted in widespread contamination in the estuarine portion of the watershed,

particularly in the bayouswithin the upper portion of the estuary (Curry et al. 1997).

In responseto public concerns, USEPA isconducting afederally-led RI/FSto assess
risks to human health and ecological receptors and to evaluate remedial optionsfor
addressing environmental contamination in the Calcasieu Estuary. Based on the
results of the SERA, the portion of the Calcasieu Estuary from the saltwater barrier
to MossL akewasidentified astheareain which environmental contamination posed
the greatest potential risksto ecological receptorsand, assuch, was designated asthe
primary study area(CDM 1999). To facilitatethe RI/FS, thisstudy areawas divided

into four sub-areas (termed Areas of Concern; AOC), including:

e Upper Calcasieu River AOC (UCR AQCQ);
« Bayou Verdine AOC (BV AOC);
« Bayoud'Inde AOC (Bl AOC); and,
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* Middle Calcasieu River AOC (MCR AQOC).

Several reference areas were also identified in the lower estuary and in the vicinity
of Sabine National Wildlife Refuge to support the interpretation of the data
generated during the RI. As a BERA for the Bayou Verdine has already been
completed by Conoco, Inc. and Condea Vista (Entrix, Inc. 2001), ecological risksin
the BV AOC were not assessed in this report.

Chemicals of Potential Concern

The identification of COPCs represents an essential element of the problem
formulation process (USEPA 1998). To initiate this process, CDM conducted a
SERA of the Calcasieu Estuary in 1999 to assess the potential for adverse biological
effects on ecological receptors associated with either direct or indirect exposure to
contaminated environmental media in the Calcasieu Estuary (CDM 1999). To
support this assessment, historical dataon the levels of environmental contaminants
in surface water, sediment, and biota were collated and compiled (CDM 1999).
Subsequently, the maximum measured concentration of each substancein each media
type was compared to the lowest ecological screening value for that substance to
facilitate the determination of maximum hazard quotients. These maximum hazard
guotients provided a basis for identifying the substancesin surface water, sediment,
and biota of the estuary that occurred at levels sufficient to potentially affect one or
more ecological receptors. These substances were termed chemicals of potential
concern (COPCs) in the Calcasieu Estuary and included: metals, PAHs, PCBs,
organochlorineand other pesticides; chlorophenals; chlorinated benzenes; chlorinated

ethanes; phthalates; cyanide; and, acetone.
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Because the preliminary list of COPCsthat emerged from the SERA contained over
100 substances (CDM 1999), it wasdetermined that it required further refinement to
assure that only those substances with a relatively high probability of adversely
affecting ecological receptors were addressed in further investigations. For this
reason, a scoping meeting was convened in Denver, Colorado (CO) in July, 2000 to
develop amore focused list of COPCs. The scoping meeting was attended by risk
assessors, risk managers, and the USEPA Region VI Ecological Technical Assistance
Group (ETAG). Rather than relying on historical data (as was donein the SERA),
the participants at this scoping meeting used the results of the Phase | sampling
program of the RI to identify the COPCsin the Calcasieu Estuary (Goldberg 2001).
For water-borne contaminants, the substances that occurred in unfiltered water
samplesat total concentrationsin excessof theambient water quality criteria(WQC;
I.e., criteria continuous concentrations, CCCs; USEPA 1999a) were deemed to be
COPCs. For sediment-associated constituents, the substancesthat occurred inwhole
sediments at concentrations in excess of the effects range median values (ERMs;
Long et al. 1995) or comparable sediment quality benchmarks (e.g., probable effect
levels PELs; MacDonald et al. 1996; CCME 1999) were considered to be COPCs.
Based ontheresultsof these eval uations, the scoping meeting participants agreed that

the following substances were the primary COPCs in the Calcasieu Estuary:

Water-Borne COPCs
» Metals (copper and mercury);
» 1,2-dichloroethane; and,

e Trichloroethane.

Sediment-Associated COPCs

» Metals (copper, chromium, lead, mercury, nickel, and zinc);
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1.4

» Polycyclicaromatic hydrocarbons(PAHSs; acenaphthene, acenaphthylene,
anthracene, fluorene, 2-methylnaphthalene, naphthalene, phenanthrene,
benz[a]anthracene, benzo(a)pyrene, chrysene, dibenz[ah]anthracene,
fluoranthene, pyrene, total PAHs, and other PAHS);

» Polychlorinated biphenyls (PCBs);

» Polychlorinated dibenzo-p-dioxins (PCDDs), and, polychlorinated
dibenzofurans (PCDFs);

» Chlorinated benzenes [hexachlorobenzene (HCB), hexachlorobutadiene
(HCBD), and degradation products];

» Phthalates [bis(2-ethylhexyl)phthalate (BEHP)];

» Carbon disulfide;

* Unionized ammonig;

* Hydrogen sulfide;

* Acetone; and,

» Organochlorine pesticides (aldrin and dieldrin).

Because exposure to whol e sediments and pore water represents the principal routes
through which the benthicinvertebrate community can beexposed totoxic chemicals,
all of thewater-borne and sediment-associated substanceswereidentified as COPCs

relative to the benthic invertebrate community.

Purpose of Appendix

The purpose of thisappendix isto provide an evaluation of therisks posed to benthic
invertebrate communities associated with exposure to COPCs in the Calcasieu
Estuary. Benthic invertebrates are the animals that live in and on the sedimentsin

freshwater and estuarine ecosystems. Benthic animalsare extremely diverseand are
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represented by nearly all taxonomic groupsfrom protozoato largeinvertebrates. The
groupsof organismsthat are commonly associated with benthic communitiesinclude
protozoa, sponges (i.e., Porifera), coelenterates (such as Hydra sp.), flatworms (i.e.,
Platyhelminthes), bryozoans, aguatic worms(i.e., oligochaetes), crustaceans(such as
mysids, decapods, and amphipods), mollusks(such asoystersand clams), and aquatic
insects (such as dragonflies, mayflies, true flies, and aquatic beetles). Because
benthic invertebrate communities are difficult to study in acomprehensive manner,
benthic ecol ogists often focuson therel atively largemembers of benthicinvertebrate
communities, which are known as benthic macroinvertebrates. Theseorganismsare
usually operationally defined, for example, as those that are retained on a 0.5 mm
sieve. Benthic invertebrates represent key elements of aquatic food webs because
they consume aguatic plants (i.e., such as algae and aguatic macrophytes) and
detritus. In this way, these organisms facilitate transfer of energy and nutrients to

fish, birds, and other organisms that consume aquatic invertebrates.

There are anumber of studiesthat have been conducted to evaluate the composition
of benthic macroinvertebrate communities in the Calcasieu Estuary. For example,
Gaston (1987a) collected sediment samplesfrom 28 stationsto eval uatethe structure
of macroinvertebrate communitiesinthe Cal casieu River/Lakecomplex during 1983
and 1984. Theresultsof thisinvestigation indicated that surface deposit feeders and
sub-surface deposit feeders accounted for more than 75% of the total abundance of
benthic macroinvertebrates in the upper estuary. The polychaetes, Streblospio
benedicti, Hobsonia florida, Laeonereis culveri, Polydora socialis, Nereis succinea,
Parandalia fauveli and Polydora ligni, were the most abundant surface deposit
feeders in the upper estuary (i.e., from the headwaters to the outlet of Prien Lake).
Sub-surface deposit feeders and suspension feeders were also observed in the upper

estuary, including oligochaetes (e.g., Tubificidae and Naididae), polychaetes (e.g.,
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Mediomastus californiensis), gastropods(e.g., Mactridae; probably Rangia cuneata),
midges and amphipods (e.qg., Corophium louisianum; Gaston 1987a; Gaston and
Nasci 1988; Gaston et al. 1988).

The benthic macroinvertebrate community in the middle portion of the estuary (i.e.,
fromtheoutlet of Prien Laketo the head of Calcasieu Lake) wassimilar to that in the
upper estuary. However, surface deposit feeders and suspension feedersrepresented
the two main trophic groupsin the middle estuary, collectively accounting for more
than 70% of the total abundance of macroinvertebrates (Gaston and Nasci 1988).
The surface deposit feeders were largely the same as those observed in the upper
estuary. The principal suspension feeders included the amphipods, Corophium
louisianum and Corophium lacustre, and Hargeria rapax (Tanaidacea). During the
summer and fall, sub-surface deposit feeders, primarily oligochaetes (i.e.,
Tubificidae) and polychaetes (e.g., Mediomastus californiensis), were present at the
highest densities (Gaston 1987a; 1987h).

In the lower estuary (i.e., Calcasieu Lake), the benthic invertebrate community was
typically dominated by sub-surface deposit feeders, which comprised morethan 60%
of the total abundance of macroinvertebrates in this area (Gaston and Nasci 1988).
Thesub-surfacedeposit feedersinthelower estuary were primarily polychaetes, such
as Mediomastus californiensis and Capitella capitata, and oligochaetes (i.e.,
Tubificidae). Surface deposit feedersand suspension feederscomprised the mgjority
of the other benthic macroinvertebratesthat wereobservedinthisarea; theseincluded
polychaetes (Streblospio benedicti, Hobsonia florida, Nereis succinea,
Paraprionospio pinnata, Parandalia fauveli, and Polydora ligni), mysids (Mysidopsis

sp.), amphipods (e.g., Cerapus benthophilis and Corophium louisianum), bivalves
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2.0

(i.e.,, Mactridae), and Hargeria rapax (Tanaidacea). |sopods (Edotea triloba) were
also observed in the lower estuary (Gaston 1987a; 1987b).

To date, the ecol ogical assessment work conducted for the Cal casieu Estuary has not
characterized the potential risks to the benthic invertebrate community associated
with exposure to COPCs in environmental media. Risk hypotheses laid out in the
BPF indicate that many COPCs pose a potential risk to the benthic invertebrate
community fromdirect contact with contaminated sedimentsand/or porewater. This
appendix provides an evaluation of the risks posed to the benthic invertebrate

community associated with exposure to the COPCs in the Calcasieu Estuary.

Methods

A step-wise approach was used to assess the risks to the benthic invertebrate
community posed by exposure to COPCs in the Calcasieu Estuary. The five main

stepsin this process included:

* ldentification of assessment endpoints, risk questions and testable
hypotheses, and measurement endpoints;

» Collection, evaluation, and compilation of the relevant information on
sediment quality conditionsin the Calcasieu Estuary;

» Assessment of the exposure of benthic invertebrates to COPCs (i.e.,
exposure assessment);

» Assessment of the effects of COPCs on benthic invertebrates (i.e., effects

assessment); and,
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2.1

» Characterization of risksto the benthic invertebrate community (i.e., risk

characterization).

Each of these stepsis described in the following sections of this appendix.

Identification of Assessment Endpoints, Risk Questions, and

Measurement Endpoints

An assessment endpoint isan ‘explicit expression of the environmental valuethat is
to be protected’” (USEPA 1997a). The selection of assessment endpoints is an
essential element of theoverall environmental risk assessment (ERA) processbecause
it providesameansof focusing assessment activitieson thekey environmental values
(e.g., reproduction of sediment-probing birds) that could be adversely affected by
exposure to environmental contaminants. Assessment endpoints must be selected
based on the ecosystems, communities, and species that occur, have historically
occurred, or could potentially occur at the site (USEPA 1997a).

A measurement endpoint isdefined as ‘ ameasurable ecological characteristicthat is
related to the valued characteristic that is selected as the assessment endpoint’ and it
is a measure of biological effects (e.g., mortality, reproduction, growth; USEPA
1997a). Measurement endpoints are frequently numerical expressions of
observations (e.g., toxicity test results, community diversity measures) that can be
compared to similar observations at a control and/or reference site. Such statistical
comparisons provide a basis for evaluating the effects that are associated with

exposure to acontaminant or group of contaminants at the site under consideration.
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To support the identification of key assessment and measurement endpoints for the
Calcasieu Estuary BERA, the USEPA convened aBERA workshop in Lake Charles,
LA on September 6 and 7, 2000. Theworkshop participantsincluded representatives
of the USEPA, United States Geological Survey (USGS), National Oceanic and
Atmospheric Administration (NOAA), Louisiana Department of Environmental
Quality (LDEQ), United States Fish and Wildlife Service (USFWS) and CDM
(hereafter termed the Calcasieu Estuary Ecological Risk Assessment Advisory
Group). Theworkshopwasexplicitly designed to enabl e participantsto articul atethe
goalsand objectivesfor the ecosystem (i.e., based on theinput that had been provided
by the community in a series of public meetings), to assess the status of the
knowledge base, to define key issues and concerns, and to identify the COPCs and
AOCsinthestudy area. Importantly, thisworkshop provided abasisfor refining the
candidate assessment endpoints that had been proposed based on the results of the
SERA (CDM 1999). Additionaly, workshop participants identified a suite of
measurement endpoi ntsthat would providetheinformation needed for evaluating the

status of the assessment endpoints (MacDonald et al. 2000a).

To be effective, the measurement endpoints must be linked to the assessment
endpoints by a series of risk questions. These risk questions, which can be restated
as testable hypotheses, describe the specific assumptions about the potential risk to
assessment endpointsposed by exposureto COPCsinenvironmental media. Therisk
guestions were developed using a combination of professional judgement and
information on the potential sources of stressors, stressor characteristics, and actual
and predicted ecol ogi cal effectson the sel ected assessment endpoints (USEPA 1998).
Theconceptual model diagrams presented inthe BPF provideavisual representation
of the risk hypotheses.
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2.2 Collection, Evaluation, and Compilation of Relevant
Information on Sediment Quality Conditions in the

Calcasieu Estuary

Information on the chemical and toxicological characteristics of whole sediments
and/or pore water were collected in two phases, including Phase | and Phase ||
sampling programs. The methods that were used to collect the samples, quantify the
levels of COPCs in various mediatypes, evaluate the toxicity of sediment samples,
evaluate the reliability of the resultant data, and compile the information in aform

that would support the BERA are described in the following sections.

Sample Collection - The RI of the Calcasieu Estuary was conducted in two
phases. In Phase | of the investigation, more than 500 sediment samples were
collected at sites located throughout the estuary between November, 1999 and
March, 2000, based on a stratified random sampling design. The samples
collected during this phase of the sampling program wereintended to providethe
data needed to assess the nature and extent of contamination within the estuary.
ThePhasell sampling programwasdesigned to augment theinformation that was
collected in Phase | by providing further information on the nature, severity and
areal extent of contamination, assessing the bioavailability of environmental
contaminants, evaluating the effects on ecological receptors associated with
exposure to contaminants, and filling outstanding data gaps. In Phase Il of the
Investigation, morethan 100 whole-sediment samplesand 50 pore-water samples
wereobtained, again based on astratified random sampling design. Thelocations
of thesampling sitesinthe UCR/BV AOCs, Bl AOC, MCR AOC, and reference
areas are shown in Figures E2-2, E2-3, E2-4a, E2-4b, and E2-5, respectively.
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As indicated above, a stratified random sampling design was utilized in both
phases of the RI. More specificaly, the estuary was divided into five areas (i.e.,
UCR AOC, BV AOC, BI AOC, MCR AQC, and reference areas, Figure E2-1),
multiple reaches within each area, and numerous sub-reaches within each reach.
Subsequently, the number of samplesthat were to be collected within each area,
reach, and sub-reach was determined based on the size of the area, historic
contamination patterns, and other factors. Then, the USEPA Region V Fully
Integrated Environmental L ocation Decision Support (FIELDS) toolswere used
to randomly select coordinates (i.e., latitude and longitude) for the assigned
number of primary sampling stations and alternate sampling stations (i.e., which
would sampledif it was not possibleto obtain samplesfromany primary sampling
stations). In the field, each sampling station was located with the aid of
navigation chartsand aTrimbledifferentially-corrected global positioning system
(GPS). Sediment samples were collected within a 10 meter radius of the
designated coordinates. If it was not possible to collect a sample within the 10
meter radiusof thecoordinates(e.g., thewater wastoo deep, substratewasgravel,

etc.), then a previously selected alternate station was sampled.

Themethodsthat wereusedto collect, handl e, and transport the sediment samples
collected in the Phase | and Phase Il sampling programs are described in CDM
(2000a; 2000b; 2000c; 2000d; 2000€). Briefly, surficial sediment samples (i.e.,
thetop 10 cm) were collected with amodified large Eckman dredge (23 x 23 cm).
Deeper sediment samples were collected with apiston sampler. At each station,
multiple grab samples (up to 10 grabs) were obtained, composited, and
homogenized to support the preparation of splits for various chemical analyses,
pore-water extraction, and/or toxicity tests. In accordance with the methods

described in CDM (2000e), pore-water samples were obtained by pneumatic
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squeezing of whole sediments at the Marine Environmental Research Center
(USGS) in Corpus Christi, Texas. All whole-sediment and pore-water samples

were shipped to laboratories in plastic coolers on ice.

Chemical Analyses - Chemical analysisof the sediment samplescollected during
the Phase | and Phase |1 sampling programs was conducted at various contract
laboratory program (CLP) and subcontract (non-CLP) analytical laboratories,
including Quanterra-Severn Trent Laboratories, USEPA Region VI Laboratory,
USEPA Region VI CLP laboratories, Olin Contract laboratories, and PPG
Industries contract laboratories. Upon receipt at the laboratory, sediment and

pore-water samples were held at 4° C in the dark until selection for analysis.

In Phase |, total metals in whole sediments were quantified using a variety of
anaytical methods, including E6020, SW6010B, SW7471A, and SW6020.
Polycyclic aromatic hydrocarbonsand/or other semi-volatile organic compounds
(SVOCs) were quantified using one or more of the following methods:
SW8260B; SW8270C; HOU-SVOC; SW8015B; and, SW8015B MOD. Method
SW8260B was used to quantify volatile organic compounds. Polychlorinated
biphenylswere quantified using SW8081A, while pesticidesand herbicideswere
guantified using SWB8081A and SW8151A, respectively. Finally, PCDDs and
PCDFs were measured using SW8290. A summary of the analyses that were
conducted at each analytical laboratory is presented in Table E2-1.

In Phase |, total and total recoverable metals were analyzed in whole sediments
by the USGS Columbia Environmental Research Center (CERC) using
inductively-coupled plasma-mass spectrometry (ICP-MS; May et al. 1997).
Methods SW6010B, SW7471A, 200.7, and 200.9 were used by American
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Analytical and Technical Services Inc. (AATS) and USEPA Region VI
Laboratory to quantify the concentrations of total recoverable metals in whole-
sediment samples. Simultaneously extracted metal (SEM) and acid volatile
sulfide (AVS) concentrations were quantified by USGS-CERC using the
procedures outlined in USEPA (1991). Total and methyl mercury were analyzed
by TexasA&M University using methodsSW7470A, SW7471B, and USGS005.
Polycyclic aromatic hydrocarbons and other semi-volatile organic compounds
were measured by AATS and USEPA Region VI Laboratory using SW 8270C,
while PCBs Aroclors were measured by AATS and USEPA Region VI
Laboratory using SW8082. Polychlorinated biphenyl congeners were analyzed
by ALTA Laboratoriesusing SW1668, while PCDDs and PCDFswere analyzed
by ALTA Laboratories using SW8290.

The concentrations of COPCs in pore-water samples collected in the Phase ||
sampling program were determined by three laboratories. The USGS Columbia
Environmental Research Laboratory conducted analyses of total and dissolved
metalsin pore water using inductively-coupled plasma-mass spectrometry (I CP-
MS; May et al. 1997). Method 8270C-SIM, SW8270C, and gaschromatography-
mass spectrometry (GCM S) were used by AATS and Texas A&M University to
measure the levels of PAHs in pore water, while SW8081A and SW8081 were
used by AATS to quantify PCB (Aroclors) concentrations. Method SW8081A
and gas chromatography-el ectron capturedevice (GC-ECD) wereused by AATS
and Texas A&M University to measure pesticide concentrations. Finaly,
congener analysis of PCBswas conducted by Texas A& M University using GC-
ECD.
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Whole-Sediment Toxicity - The results of whole-sediment toxicity tests were
used to evaluate the effects of contaminated sediments on the survival of benthic
invertebrates. More specifically, the results of 10-day whole-sediment toxicity
tests with the infaunal amphipod, Ampelisca abdita, were used to evaluate the
effectsof contaminated sedimentsonthesurvival of benthicinvertebrates(ASTM
2001b; Harding ESE, Inc. 2001). In addition, the effects of sediment-associated
contaminants on invertebrate survival or growth were evaluated using the results
of 10-d and 28-d whole-sediment toxicity tests with the epibenthic amphipod,
Hyalella azteca (ASTM 2001a; 2001b; USEPA 2000a; MESL 2001).

Whole-sediment toxicity tests were conducted on 100 whole-sediment samples
collected during the Phase |11 sampling program. The survival of amphipods
exposed to Calcasieu Estuary sediments was compared with that of amphipods
exposed to reference sediments from the study area. Sediment samples were
designated as toxic if amphipod survival in Calcasieu Estuary sediments was
lower than the lower limit of the normal range (i.e., 95% confidenceinterval) for
the reference sediments (p<0.05; i.e., using areference envel ope approach). The
normal range of responses of amphipods exposed to reference sediments was
determined by calculating the 2.5" and 97.5" percentiles of the survival data(i.e.,
following data transformation to achieve normality). Although severa other
procedures could have been used to designate samples astoxic or not toxic (e.g.,
analysis of variance (ANOV A) compared to control, paired T-tests with control
results, minimum significant difference from control; Thursby et al. 1997), the
reference envelope approach was utilized because it provides a means of
evaluating incremental toxicity at test sites when compared to reference sites
(Hunt ez al. 2001). Inthisway, only thetoxicity that isattributableto differences

in the characteristics of test and reference samplesis considered for the purposes

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 18

of the BERA. That is, the reference envelope approach provides a basis of
determining the toxicity that is attributable primarily to COPC-related factors.

Theresults of whole-sediment toxicity testswere al so used to eval uate the effects
of contaminated sediments on the growth of the benthic invertebrates. More
specifically, the effects of sediment-associated contaminants on invertebrate
growth were eval uated using theresultsof 10-d and 28-d whol e-sediment toxicity
testswith Hyalella azteca (ASTM 2001a; USEPA 2000a; Ingersoll et al. 2001).
Thegrowth of amphipodsexposed to Cal casieu Estuary sedimentswas compared
with that of amphipods exposed to reference sediments from the study area.
Sediment samples were designated as toxic if amphipod growth in Calcasieu
Estuary sediments was lower than the lower limit of the normal range (i.e., 95%
confidenceinterval) for thereference sediments (p<0.05). Theresultsof the10-d
and 28-d Hyalella azteca tests were similar; however, the results of the 28-d test
were somewhat less variable and were in better agreement with a previously
developed database for relationships between sediment chemistry and toxicity
(Appendix E1; USEPA 2000b). Therefore, theresultsof the 28-d test rather than
the 10-d test with Hyalella azteca were used in the BERA.

Pore-Water Toxicity - The effects of sediment-associated contaminants on the
reproduction of invertebrates were evaluated using the results of pore-water
toxicity tests. More specifically, the effects of contaminated sediments on
Invertebrate reproduction was evaluated using the results of pore-water toxicity
tests with the sea urchin, Arbacia punctulata, in which fertilization and embryo
development were measured. In this context, the sea urchin fertilization and
embryo development test were used as surrogates for reproductive effects on
other invertebrate species (Carr and Chapman 1992; Carr et al. 1996a; 1996b;
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2001). Pore-water toxicity tests were conducted on 50 sediment samples
collected during the Phase Il sampling program. The fertilization success and
embryo devel opment of seaurchinsexposedto porewater from Calcasieu Estuary
sediments were compared with that of sea urchin gametes and embryos exposed
to pore water from reference sediments from the study area. Pore-water samples
were designated as toxic if fertilization or embryo development in pore water
from Calcasieu Estuary sediments was lower than the lower limit the normal

range (i.e., 95% confidence interval) for the reference sediments (p<0.05).

Benthic Invertebrate Community Assessment - The effects of contaminated
sediments on benthic invertebrates were evaluated using the results of benthic
Invertebrate community structure analyses. More specifically, data on five key
indicators of benthic invertebrate community structure, including the abundance
of pollution indicator species, the abundance of pollution sensitive species,
species richness, total abundance, and a normalized macroinvertebrate index of
biotic integrity (mIBl) were used to evaluate impacts on benthic invertebrate
community structure in the estuary. Appendix E3 provides a description of the
procedures used to calculate the mIBI. These metrics were selected because the
results of previous studies have demonstrated they provide an effective basisfor
identifying sediment samples with degraded benthic communities (Gaston and
Nasci 1988; Gaston et al. 1988; Gaston and Y oung 1992; Brown et al. 2000).

The original goal outlined in the BPF (MacDonald et al. 2001) was to compare
thefivebenthicinvertebrate community metricsfor Calcasieu Estuary sitesto the
normal range of these metrics for reference sites (i.e., the upper or lower 95%
confidence intervals, Reynoldson ef al. 1995). However, the variability in these

metricswastoo high for thereference sitesto cal culate 95% confidence intervals
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that could be used to evaluate the response of benthic invertebrates in the
Calcasieu Estuary sites. For this reason, the data for al sites were evaluated
together, using cluster analysis, to identify impacted and unimpacted samples
(Ingersoll et al. 1997; SAS 2001). When the benthos samples were clustered in
groups, it was observed that one cluster of 52 samples contained sites with the
lowest average benthic metrics and highest average chemical concentrations in
sediment compared to sitesin the remaining nine clusters. Therefore, sediment
samples in this first cluster were designated as having an impacted benthic
Invertebrate community rel ativeto thesamplesintheremaining nineclusters(i.e.,

toxic conditions for the benthic invertebrate community).

Data Validation and Verification - All of the data sets that were generated
during the course of the study were critically reviewed to determine their
applicability to the assessment of risksto the benthic invertebrate community in
the Calcasieu Estuary. Thefirst step in this processinvolved validation of all of
the sediment and pore-water chemistry data. Following translation of these data
and the biological effects datainto database format, the validated data were then
further evaluated to assure the quality of the data used in the risk assessment.
Thisauditing processinvolved analysesof outliers(i.e., toidentify inconsistencies
with units) and completeness (i.e., to identify missing samples or missing data);
examination of data qualifier fields (i.e., to assure internal consistency in the
BERA database), checking of sample identification numbers (i.e., to ensure that
datawerenot duplicated). Finally, thedatawerefully verified against theoriginal

data source.

Database Development - To support thecompilation and subsequent analysisof

the information on sediment quality conditions in the Calcasieu Estuary, a
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relational project database was devel oped in Microsoft Accessformat. All of the
sediment chemistry, pore-water chemistry, benthic invertebrate community
structure, and sediment toxi city datacompiledinthe database were georeferenced
to facilitate mapping and spatial analysis using geographic information system
(GIS)-based applications [i.e., Environmental Systems Research Institute, Inc.
(ESRI’s) ArcView and Spatial Analyst programs|. The database structure made
it possibleto retrieve datain several ways, including by datatype (i.e., chemistry
vs. toxicity), by sediment horizon (i.e., surficia vs. sub-surface sediments), by
stream reach (i.e., Upper Bayou d’Inde vs. Lower Bayou d’Inde), by sub-reach
(i.e., Upper Bayou d'Inde-1 vs. Upper Bayou d’' Inde-2), and by date (i.e., Phase
| vs. Phase Il). Assuch, the database facilitated a variety of data analyses.

2.3 Assessment of Exposure of Benthic Invertebrates to
Chemicals of Potential Concern

Tofacilitate assessment of risksto the benthic invertebrate community, the sediment
chemistry datathat were collected during the Phase | and Phase |l sampling programs
were compiled and summarized. More specifically, summary statistics were
calculated for each reach of the study area, including the number of samplescollected
(n), mean and standard deviation, geometric mean, 5", 10", 25", 50", 75", 90", and
95" percentiles (i.e., these statistics were cal culated on |l og, transformed data, based
on the assumption that the underlying data were lognormally distributed), and range
for each COPC. To facilitate comparisons among reaches, these data were further
summarized for each AOC, and for the reference areas. These AOC-specific data
summaries included the same statistics that were calcul ated for the various reaches.

Because previous studies have demonstrated that normalization of contaminant
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concentrationsto thevariablesthat arethought to influence bioavailability [e.g., total
organic carbon (TOC), grain size, AVS, Barrick et al. 1988; Ingersoll et al. 1996;
Long et al. 1998] does not improve the classification of field-collected sediment
samples as toxic or not toxic, contaminant concentrations were expressed on a dry-

weight basis.

The pore-water chemistry data that were collected during the Phase |1 sampling
program were also summarized for each AOC in a similar manner (i.e., using the
same procedures that were applied to the whole-sediment chemistry data). These
AOC-specific datasummariesincluded the sasme stati sticsthat were cal culated for the

various reaches.

Assessment of Effects of Chemicals of Potential Concern on
Benthic Invertebrates

In this assessment, exposure of the benthic invertebrate community to COPCs was
evaluated using information on the concentrations of contaminants in whole
sediments and pore water. Assuch, it was necessary to compile information on the
effects on benthic invertebrate communities associated with exposure to COPCs in
theseenvironmental media. Evaluation of the potential effectsof sediment-associated
contaminants on benthic invertebrate communities necessitated the selection of two

types of chemical benchmarks, including:

» Toxicity thresholds for whole sediment; and,
» Toxicity thresholds for pore water.
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The chemical benchmarks for assessing whole-sediment chemistry and pore-water
chemistry datathat were selected for usein the BERA are described in the following

sections of this report.

Toxicity Thresholds for Whole Sediment - Numerical benchmarks[including
sediment quality guidelines (SQGs), sediment quality criteria, sediment quality
objectives, and sediment quality standards] represent useful toolsfor assessingthe
quality of freshwater sediments (USEPA 1992; Adams er al. 1992; USEPA
1996a; USEPA 1997D; Ingersoll and MacDonald 1999; MacDonald et al. 2000b;
2000c). Such benchmarks have been devel oped by variousjurisdictionsin North
Americausing avariety of approaches. The approaches that have been selected
by individual jurisdictions depend on the receptorsthat areto be considered (i.e.,
sediment-dwelling organisms, wildlife, or humans), the degree of protection that
Isto be afforded, the geographic area to which the values are intended to apply
(i.e., site-specific, regional, or national), and their intended uses (i.e., screening

tools or remediation objectives).

A review of theliterature was conducted to identify chemical benchmarksthat are
relevant for evaluating the effects of sediment-associated COPCs on the benthic
invertebrate community. The results of this review indicated that a variety of
SQGs have been established for the protection of benthic invertebrates (Table
E2-2). TheTg, (concentration at which 50% of samplesare predicted to betoxic)
values established by Field er al. (2002) were selected as the whole-sediment
chemistry benchmarks for assessing the risks to the benthic invertebrate
community posed by exposure to COPCs in whole sediments in the Calcasieu
Estuary. If T, valueswere not available for a COPC, then ERMs (Long et al.
1995), PELs(MacDonald et al. 1996), or apparent effectsthreshold (AETS; i.e.,
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amphipod, oyster, or benthic AETS;, Barrick et al. 1988) were used to establishthe
whol e-sediment chemistry benchmark (i.e., toxicity threshol d) used to assessrisks
to the benthic invertebrate community (Table E2-3). More specificaly, the
measured concentration of each COPC in each sediment sample was compared
to the corresponding whole-sediment chemistry benchmark listed in Table E2-3
inorder to helpidentify preliminary contaminantsof concern (COCs) fromthelist
of COPCs.

The potential effects of mixtures of sediment-associated contaminants were
evaluated using simple toxic units (TUs) models that have been applied
successfully at sites in the United States (MacDonald et al. 2000b; USEPA
2000Db; Ingersoll et al. 2001; Appendix E1). Application of these TUs models
wasfacilitated by cal culating mean probabl e effect concentrati on-quotients (PEC-
Qs) for each sediment sample using the procedures developed by USEPA
(2000b). The mean PEC-Qs that corresponded to a 20% and a 50% increase in
the incidence of sediment toxicity to freshwater and marine amphipods (i.e.,
relativeto reference samples) were determined and used astoxicity thresholdsfor
assessing whole-sediment chemistry data (i.e., in the analysis of incidence of
toxicity). Similarly, the mean PEC-Qs that corresponded to a 10% and a 20%
reduction in the survival of freshwater and marine amphipods (i.e., relative to
reference samples) were determined and used astoxicity thresholdsfor assessing
whole-sediment chemistry data (i.e., in the analysis of magnitude of toxicity).
Sediment sampleswith mean PEC-Qsin excess of thesetoxicity thresholdswere
considered to have contaminant concentrations sufficient to adversely affect the

survival, growth, and/or reproduction of benthic invertebrates.
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Toxicity Thresholds for Pore Water - Pore water isthewater that occupiesthe
spaces between sediment particles and usually accounts for over 50% of the
volume of surficial sediments. Because sediment-associated contaminants tend
to partition into pore water, this medium can represent an important source of
exposureto contaminantsfor sediment-dwelling organisms(Ingersoll et al. 1997).
For this reason, pore-water assessments can provide useful information on the
potential effects of sediment-associated contaminants, particularly on infaunal
species (i.e., those species that routinely reside within the sediment matrix).
Whilesuch assessmentscaninclude several components, pore-water toxicity tests
and evaluations of pore-water chemistry represent the central elements of most
pore-water assessments (ASTM 2001a). Importantly, interpretation of the pore-
water chemistry data that is collected in such assessments is dependent on the

availability of suitable benchmarks for assessing pore-water quality.

While avariety of benchmarks for assessing pore-water chemistry are available
in the published literature, none were identified that were explicitly intended for
assessing effects on the benthic invertebrate community. For this reason, the
estimated chronic toxicity thresholds in Tables E2-4a and E2-4b (i.e., chronic
WQC; CCCs or equivalent values) were used for assessing pore-water quality
conditions (ODEQ 1996; NHDES 1996; Suter and Tsao 1996; USEPA 1996b;
NY SDEC 1998; USEPA 1999a; LDEQ 2000). Application of these thresholds
for assessing the potential effectsof COPCsin porewater on benthosis premised
on the assumption that benthic invertebrates would exhibit a similar range of
sensitivitiesto COPCs as the species represented in the underlying toxicol ogical
datathat was used to generate these thresholds (Di Toro et al. 1991). Pore-water
samples with concentrations of one or more COPCs in excess of one or more

toxicity threshold were considered to have contami nant concentrations sufficient
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to adversely affect the survival, growth, and/or reproduction of benthic

invertebrates.

2.5 Characterization of Risks to the Benthic Invertebrate

Community

The characterization of the risksto the benthic invertebrate community consisted of
three main steps. First, the nature, severity, and areal extent of risks to the benthic
invertebrate community were evaluated using one or more lines of evidence. Next,
the substancesthat are causing or substantially contributing to effects on the benthic
invertebrate community were identified (i.e., COCs). Finaly, the information on
multiple lines of evidence was integrated to evaluate the risks to the benthic
invertebrate community associated with exposure to COCs. The methods that were

used in each of these steps of the process are described in the following sections.

Evaluation of the Nature, Severity and Areal Extent of Risks - In this
assessment, five measurement endpoints were used to evaluate the risks posed to
the benthic invertebrate community by exposure to COPCs in the Calcasieu
Estuary. These lines of evidence included whole-sediment chemistry, whole-
sediment toxicity, pore-water chemistry, pore-water toxicity, and benthic
invertebrate community structure. More specifically, all five lines of evidence
were used to evaluate the nature of the risks to benthic invertebrates. By
comparison, whole-sediment chemistry and whole-sediment toxicity were used
to evaluate the magnitude (i.e., severity) of effects on benthic invertebrates. By
comparison, whole-sediment chemistry data (i.e., PEC-Qs, which were used to

estimatethe predi cted magnitude of toxicity to freshwater and marine amphipods)
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were used to conduct a preliminary evaluation of the areal extent of risks to

benthic invertebrate communities.

The potential effects of mixtures of sediment-associated contaminants were
evaluated using simple TUs models that have been validated using data from
other sites (MacDonald er al. 2000b, USEPA 2000b, Ingersoll et al. 2001;
Appendix E1). Application of these TUs models was facilitated by calculating
mean PEC-Qs for each sediment sample using the procedures developed by
USEPA (2000b). These TUs models were calibrated for use in the Calcasieu
Estuary by deriving estuary-specific concentration-response rel ationshipsfor the
survival of freshwater and marine amphipods. These estuary-specific models
provideabasisfor estimating theincidence of toxicity to amphipods(i.e., %o toxic
samples) or the magnitude of response (i.e., % survival) using whole-sediment
chemistry data(FiguresE2-6 to E2-11). Importantly, these modelsalso provided
abasis for identifying the mean PEC-Qs that correspond to specific incidences
and magnitudes of effects (Table E2-5).

To facilitate characterization of the magnitude and areal extent of risks to the
benthic macroinvertebrate community, riskswere classified into three categories
for each sample, reach, and AOC. More specificaly, risks to benthic
invertebrates were characterized as low, indeterminate, or high, based on the
observed and predicted incidence or magnitude of sediment toxicity. The
following criteriafor classifying riskswere established based on the guidancethat
was provided by the Calcasieu Estuary Ecological Risk Assessment Advisory
Group (MacDonald et al. 2000a; 2001).
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Low Risks - ecological risks were classified as low if the effects that were
observed or predicted to occur within asample, reach, or an AOC weresimilar in
frequency and/or magnitude to those for selected reference areas (Table E2-5).
Such effects were considered to be negligible relative to the maintenance of the
structure and/or function of the benthic invertebrate community within areach or
an AOC. Nevertheless, conditionsthat requireattention may exist within portions
of a reach or AOC that was classified as having low risks to the benthic

invertebrate community. Low risks were indicated by:

* 0to<20%increaseintheobservedincidenceof toxicity (% toxic samples)
to marine amphipods within areach or AOC, relative to the incidence of
toxicity that was observed at selected reference sites (i.e., based on the
resultsof 10-dwhole-sediment toxicity testswith theamphipod, Ampelisca

abdita,; endpoint: survival);

* 0 to <20% increase in the predicted incidence of toxicity to marine
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was predicted for selected reference sites (i.e., based on whole-sediment
chemistry and the mean PEC-Q model for 10-d whole-sediment toxicity
tests with the amphipod, Ampelisca abdita, endpoint: survival);

* 0to<10% increase in the observed magnitude of toxicity (% survival) to
marine amphipods within a sample, reach, or AOC, relative to the lower
95% prediction limit for the survival that was observed at selected
reference sites (i.e., based on the results of 10-d whole-sediment toxicity

tests with the amphipod, Ampelisca abdita; endpoint: survival);
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0 to <10% increase in the predicted magnitude of toxicity to marine
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the predicted survival that was observed at selected
reference sites (i.e., based on the results of 10-d whole-sediment toxicity

tests with the amphipod, Ampelisca abdita; endpoint: survival);

0 to <20% increase in the observed incidence of toxicity to freshwater
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was observed at selected reference sites (i.e., based on the results of 28-d
whole-sediment toxicity tests with the amphipod, Hyalella azteca;

endpoint: survival);

0 to <20% increase in the predicted incidence of toxicity to freshwater
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was predicted for selected reference sites, (i.e., based on whole-sediment
chemistry and the mean PEC-Q model for 28-d whole-sediment toxicity
tests with the amphipod, Hyalella azteca, endpoint: survival);

0 to <10% increase in the observed magnitude of toxicity to freshwater
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the survival that was observed at selected reference
sites (i.e., based on the results of 28-d whole-sediment toxicity testswith

the amphipod, Hyalella azteca; endpoint: survival);

0 to <10% increase in the predicted magnitude of toxicity to freshwater
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the predicted survival that was observed at selected
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reference sites (i.e., based on the results of 28-d whole-sediment toxicity

tests with the amphipod, Hyalella azteca; endpoint: survival);

* 0 to <20% increase in the observed incidence of toxicity to sea urchins
within a reach or AOC, relative to the incidence of toxicity that was
observed at selected reference sites(i.e., based on theresults of 48-h pore-
water toxicity tests with the sea urchin, Arbacia punctulata; endpoint:

fertilization or development);

* 0to <10% increase in the observed magnitude of toxicity based on the
fertilization of seaurchin gameteswithin asample, reach, or AOC, relative
to the fertilization of sea urchin gametes that was observed at selected
reference sites (i.e., based on the results of 60-m pore-water toxicity tests

with the sea urchin, Arbacia punctulata,; endpoint: fertilization);

* 0to<20% increaseinthe observed incidence of impairment to the benthic
Invertebrate community, relative to the incidence of impairment that was
observed at selected reference sites (i.e., based on the results of cluster
analyses conducted using data on the abundance of pollution indicator
species, the abundance of pollution sensitive species, species richness,

total abundance, and/or normalized benthic index).

Indeterminate Risks - ecological risks were classified as indeterminate if the
effects that were observed or predicted to occur within a sample, areach, or an
AOC were moderately higher in frequency and/or magnitude than those for
selected reference areas (Table E2-5). Such effects were considered to be of

concern relativeto the maintenance of the structure and/or function of the benthic
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invertebrate community within a reach or an AOC. Although such risks are
nontrivial, decisionsregarding remediation at i ndividual locationsshould consider
the costs and ecological effects of remedial actions, the potential for natural
restoration, and other relevant factors. It isimportant to note that low or high
risksto the benthic invertebrate community could exist within portions of areach
or AOC that was classified as posing indeterminate risks. Indeterminate risks
were indicated by:

» 20 to 50% increase in the observed incidence of toxicity to marine
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was observed at selected reference sites (i.e., based on the results of 10-d
whole-sediment toxicity tests with the amphipod, Ampelisca abdita;

endpoint: survival).

* 20 to 50% increase in the predicted incidence of toxicity to marine
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was predicted for selected reference sites (i.e., based on whole-sediment
chemistry and the mean PEC-Q model for 10-d whole-sediment toxicity
tests with the amphipod, Ampelisca abdita, endpoint: survival).

* 10 to 20% increase in the observed magnitude of toxicity to marine
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the survival that was observed at selected reference
sites (i.e., based on the results of 10-d whole-sediment toxicity testswith

the amphipod, Ampelisca abdita; endpoint: survival);
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10 to 20% increase in the predicted magnitude of toxicity to marine
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the predicted survival that was observed at selected
reference sites (i.e., based on the results of 10-d whole-sediment toxicity

tests with the amphipod, Ampelisca abdita; endpoint: survival);

20 to 50% increase in the observed incidence of toxicity to freshwater
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was observed at selected reference sites (i.e., based on the results of 28-d
whole-sediment toxicity tests with the amphipod, Hyalella azteca;

endpoint: survival);

20 to 50% increase in the predicted incidence of toxicity to freshwater
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was predicted for selected reference sites, (i.e., based on whole-sediment
chemistry and the mean PEC-Q model for 28-d whole-sediment toxicity
tests with the amphipod, Hyalella azteca, endpoint: survival).

10 to 20% increase in the observed magnitude of toxicity to freshwater
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the survival that was observed at selected reference
sites (i.e., based on the results of 28-d whole-sediment toxicity testswith

the amphipod, Hyalella azteca; endpoint: survival).

10 to 20% increase in the predicted magnitude of toxicity to freshwater
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the predicted survival that was observed at selected
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reference sites (i.e., based on the results of 28-d whole-sediment toxicity

tests with the amphipod, Hyalella azteca; endpoint: survival).

» 20 to 50% increase in the observed incidence of toxicity to sea urchins
within a reach or AOC, relative to the incidence of toxicity that was
observed at selected reference sites(i.e., based on theresults of 48-h pore-
water toxicity tests with the sea urchin, Arbacia punctulata; endpoint:

fertilization or devel opment).

* 10 to 20% increase in the observed magnitude of toxicity based on
fertilization of seaurchin gameteswithin asample, reach, or AOC, relative
to the fertilization of sea urchin gametes that was observed at selected
reference sites (i.e., based on the results of 60-m pore-water toxicity tests

with the sea urchin, Arbacia punctulata,; endpoint: fertilization).

* 20 to 50% increase in the incidence of impairment to the benthic
Invertebrate community, relative to the incidence of impairment that was
observed at selected reference sites (i.e., based on the results of cluster
analyses conducted using data on the abundance of pollution indicator
species, the abundance of pollution sensitive species, species richness,

total abundance, and/or normalized benthic index).

High Risks - ecological risks were classified as high if the effects that were
observed or predicted to occur within a sample, a reach, or an AOC were
substantially higher in frequency and/or magnitude than those for selected
reference areas (Table E2-5). Such effects were considered to be the highest

concern relativeto the maintenance of the structure and/or function of the benthic
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invertebrate community within a reach or an AOC. Reaches or AOCs so
designated represent the highest priority areasfor remedial action planning. Itis
important to note that low or indeterminate risks to the benthic invertebrate
community could exist within portions of areach or AOC that was classified as
posing high risks. Therefore, any remedial actions that are contemplated within
such reaches or AOCs should consider the severity and area extent of the
observed and predicted effects. High risks were indicated by:

» >50% increase in the observed incidence of toxicity (based on % toxic
samples) to marine amphipods within a reach or AOC, relative to the
incidence of toxicity that was observed at selected reference sites (i.e.,
based on the results of 10-d whole-sediment toxicity tests with the

amphipod, Ampelisca abdita; endpoint: survival).

» >50% increasein the predicted incidence of toxicity to marine amphipods
within a reach or AOC, relative to the incidence of toxicity that was
predicted for selected reference sites (i.e.,, based on whole-sediment
chemistry and the mean PEC-Q model for 10-d whole-sediment toxicity
tests with the amphipod, Ampelisca abdita, endpoint: survival).

»  >20%increasein the observed magnitudeof toxicity to marineamphipods
(based on % survival) within a sample, reach, or AOC, relative to the
lower 95% prediction limit for the survival that was observed at selected
reference sites (i.e., based on the results of 10-d whole-sediment toxicity

tests with the amphipod, Ampelisca abdita; endpoint: survival).
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>20% increasein the predicted magnitudeof toxicity to marineamphipods
withinasample, reach, or AOC, relativeto thelower 95% prediction limit
for the predicted survival that wasobserved at sel ected referencesites(i.e.,
based on the results of 10-d whole-sediment toxicity tests with the

amphipod, Ampelisca abdita; endpoint: survival).

>50% increase in the observed incidence of toxicity to freshwater
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was observed at selected reference sites (i.e., based on the results of 28-d
whole-sediment toxicity tests with the amphipod, Hyalella azteca;

endpoint: survival);

>50% increase in the predicted incidence of toxicity to freshwater
amphipodswithinareach or AOC, relativeto theincidence of toxicity that
was predicted for selected reference sites, (i.e., based on whol e-sediment
chemistry and the mean PEC-Q model for 10-d whole-sediment toxicity
tests with the amphipod, Hyalella azteca, endpoint: survival).

>20% increase in the observed magnitude of toxicity to freshwater
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the survival that was observed at selected reference
sites (i.e., based on the results of 10-d whole-sediment toxicity testswith

the amphipod, Hyalella azteca; endpoint: survival).

>20% increase in the predicted magnitude of toxicity to freshwater
amphipods within a sample, reach, or AOC, relative to the lower 95%
prediction limit for the predicted survival that was observed at selected
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reference sites (i.e., based on the results of 10-d whole-sediment toxicity

tests with the amphipod, Hyalella azteca; endpoint: survival).

» >50% increase in the observed incidence of toxicity to seaurchinswithin
areach or AOC, relative to the incidence of toxicity that was observed at
selected reference sites (i.e., based on the results of 48-h pore-water
toxicity tests with the sea urchin, Arbacia punctulata; endpoint:

fertilization or devel opment).

* >20% increase in the observed magnitude of toxicity based on the
fertilization of seaurchin gameteswithin asample, reach, or AOC, relative
to the fertilization of sea urchin gametes that was observed at selected
reference sites (i.e., based on the results of 60-m pore-water toxicity tests

with the sea urchin, Arbacia punctulata,; endpoint: fertilization).

» >50% increase in the incidence of impairment to the benthic invertebrate
community, relative to the incidence of impairment that was observed at
selected reference sites (i.e., based on the results of cluster analyses
conducted using data on the abundance of pollution indicator species, the
abundanceof pollution sensitive species, speciesrichness, total abundance,

and/or normalized benthic index).

Identification of Contaminants of Concern - The COCs in the Calcasieu
Estuary were identified using a step-wise approach. In the first step of this
process, the concentrations of COPCs in whole sediments or pore water in each
reach of the estuary (i.e., 95" percentile concentrations) were compared to the

concentrations of COPCs in whole sediments or pore water from the reference
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areas (i.e., 95" percentile concentrations; the upper limit of background levels).
The substances that occurred in the AOC at concentrations that were afactor of
two or greater than the upper limit of background concentrations (i.e., 95"
percentile concentrations) in the reference areas were retained as preliminary
COCs in whole sediments or pore water. Substances were also retained for
further assessment if the 95™ percentile concentration could not be calcul ated for
the reference area or if the 95" percentile concentration could not be calcul ated
for one or morereachesinan AOC. In both cases, the substance was designated
as an uncertain COC. The substances that were designated as preliminary or
uncertain COCswereconsidered to pose potential incremental risksto thebenthic

Invertebrate community.

In the second step of the process, the estimates of the upper limit of the
concentrationsof preliminary COCsinwholesedimentsor in porewater (i.e., 95"
percentile concentrations) in each reach of the study area were compared to the
corresponding chemical benchmark (Tables E2-3 and E2-4). More specifically,
the concentrationsof preliminary COCsinwhol e sedimentswere compared to the
whol e-sediment chemistry benchmarks, while the concentrations of preliminary
COCsin porewater were compared to the chronictoxicity thresholds summarized
in Table E2-4. Substances for which the 95" percentile concentration in whole
sediment or in pore-water samplesin one or more reaches exceeded the selected
benchmark wereretained aspreliminary COCsrelativeto thebenthicinvertebrate
community (i.e., the substances for which hazard quotients (HQ) of > 1 were
calculated, whereHQ = concentration + benchmark). A substancewasdesignated
as an uncertain COC if there was no benchmark available for the substance or if
the 95" percentil e concentration could not be determined for one or more reaches
within an AOC (i.e., due to high detection limits).
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In the final step of the process, cumulative concentration distribution functions
were generated for selected preliminary and uncertain COCsidentified in Step 1
and 2 above, using the sediment chemistry data collected in Phase II. More
specifically, the matching toxicity and chemistry data were used to develop
estuary-widedistribution functionsfor both toxic and non-toxic sediment samples
(i.e., based on theresults of the whole-sediment toxicity tests, pore-water toxicity
tests, or the benthicinvertebrate community structureanalyses). Substanceswere
retained as COCsif the cumulative distribution functions for the toxic and non-
toxic samples diverged substantially in the upper portion of the concentration
range (i.e., the 75" percentile concentration for the effects distribution was a
factor of two or more greater than the 75" percentile concentration for the no
effects distribution; Long et al. 1995).

The bioavailability of COPCs was evaluated using the results of 28-d
bioaccumulation tests with the polychaete, Nereis virens. More specifically,
COPCs were considered to be available to benthic invertebrates if their
concentrations in polychaete tissues for an AOC exceeded the 95" percentile
concentration that was measured in polychaetes exposed to sediments from

reference areas.

Integrated Assessment of the Risks to Benthic Invertebrates using a Weight
of Evidence Approach - | nthisassessment, datafrom chemical analyses, toxicity
tests, and biological surveys were used to characterize risks to benthic
Invertebrates associated with exposureto COPCsinthe Calcasieu Estuary. More
specificaly, the data on up to five lines of evidence, generated during the RI,
were used together to estimate risks to benthic invertebrates exposed to whole

sediment and/or porewater in the study area. Thefirst step inthisprocesswasto
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calculate arisk score for each measurement endpoint and each line of evidence.
Each measurement endpoint was examined to determineif low, indeterminate or
high risks were indicated for each sample. A raw risk score of O, 1, or 2, was
assigned to the measurement endpoint based on the risk classification that was
assigned (i.e., low, indeterminate, or high, respectively). Next atotal evaluation
score (TES,; i.e., between 1 - low and 3 - high) was calculated to determine the
weight that should be placed on theresultant data. The TES was determined by
considering a variety of important attributes of the measurement endpoint. By
multiplying the magnitude of the risk (raw risk score) by the weight assigned
(TES), it was possibleto cal culate an endpoint risk score of between zero and six
for each measurement endpoint. Therisk scoresfor each measurement endpoint
werethen averaged to calculate an averagerisk scorefor each line of evidencefor
each sample. Theinformation on multiple lines of evidence was then integrated
using a simple arithmetic procedure. That is, the average risk score for the
various lines of evidence were averaged to generate a final risk score for the
assessment endpoint for each sample. Final risk scoresof <2, 2to 3, and >3 were
considered to represent low, indeterminate, and high risks to the benthic

invertebrate community respectively.

3.0 Results and Discussion

The assessment the risks to the benthic invertebrate community posed by exposure
to the COPCsin the Calcasieu Estuary involved several steps. Inthefirst step of the
process, the assessment endpoints, risk questions and testable hypotheses, and
measurement endpoints were identified (i.e., in the BPF). Next, the relevant

information on sediment quality conditionsin the Cal casieu Estuary were collected,
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3.1

evaluated, and compiled. Subsequently, the chemical benchmarks for assessing
sediment quality conditionswere sel ected, including effects-based SQGsand toxicity
thresholds for pore water. Finally, the risks to the benthic invertebrate community
associated with exposure to whole sediment and to pore water from the Calcasieu
Estuary wereassessed. Theresultsof theseevaluationsare presentedinthefollowing

sections of this report.

Assessment Endpoints

Benthic invertebrates are the animalsthat livein and on the sedimentsin freshwater
and estuarine ecosystems. The groups of organisms that are commonly associated
with benthic communities include protozoa, sponges (i.e., Porifera), coelenterates
(suchasHydra sp.), flatworms(i.e., Platyhel minthes), bryozoans, aquaticworms(i.e.,
oligochaetes), crustaceans (such as ostracods, mysids, isopods, decapods, and
amphipods), mollusks (such as oysters and clams), and aguatic insects (such as
dragonflies, mayflies, stoneflies, trueflies, caddisflies, and aquatic beetles). Because
benthic invertebrate communities are difficult to study in a comprehensive manner,
benthic ecol ogistsoften focuson therel atively large members of benthicinvertebrate
communities, which are known as benthic macroinvertebrates. Theseorganismsare
usually operationally defined, for example, as those that are retained on a 0.5 mm

sieve.

Benthic invertebrates represent key elements of aguatic food webs because they
consume aguatic plants (i.e., such as algae and aquatic macrophytes) and detritus. In
this way, these organisms facilitate nutrient and energy transfer to fish, birds, and
other organisms that consume aquatic invertebrates. Asthe goal of this assessment

is to determine if contaminated sediments have or are likely to have adversely
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3.2

affected the key functions that are provided by the benthic invertebrate community,
the survival, growth, and reproduction of benthic invertebrates were identified

as the assessment endpoints for this component of the BERA.

Measurement Endpoints

The benthic invertebrate community represents an essential component of aguatic
food webs, providing animportant source of food for many speciesof fish, birds, and
mammals. As such, it is important to evaluate the effects of environmental
contaminants on this group of ecological receptors. Benthic invertebrates can be
exposed to environmental contaminants through direct contact with contaminated
surface water, through contact with whole sediments, and through contact with
contaminated pore water. Of these, exposure to whole sediments and pore water
probably represents the primary routes of exposure for epibenthic and infaunal
invertebrate species. For this reason, it is important to evaluate the effects of
exposure to whole sediments and pore water on the survival, growth, and
reproduction of benthic invertebrates. In this way, it is possible to determine if
exposure to whole sediment and/or pore water is likely to adversely affect the key

ecosystem functions that are provided by the invertebrate community.

A suite of measurement endpoi nts was sel ected to provide the information needed to
determineif the benthic invertebrate community is being or islikely to be adversely
affected due to exposure to COPCs. First, sediment chemistry data were used to
determine if the concentrations of COPCs in Calcasieu Estuary sediments are
sufficient to cause or substantially contribute to sediment toxicity. In addition, data
on the concentrations of COPCs in pore water were used to determine if sediments

aresufficiently contaminated to adversely affect thesurvival, growth, or reproduction
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3.3

of benthic invertebrates in the Calcasieu Estuary. Finally, the results of whole-
sediment toxicity testswith amphipods (Hyalella azteca and Ampelisca abdita), pore-
water toxicity tests with sea urchins (Arbacia punctulata), and benthic invertebrate
community assessmentswere used to eval uate the effects of contaminated sediments
on the benthicinvertebrate community. More specifically, survival inthe Ampelisca
abdita test, survival or growth in the Hyalella azteca test, and fertilization or
development in the seaurchin test were used asindicators of the ability of the benthic
invertebrate community to perform key functions. Similarly, benthic invertebrate
community structure was used as a direct measure of effects on benthos inhabiting

the estuary.

Risk Questions and Testable Hypotheses

To provide avalid basis for assessing ecological effects, the assessment endpoint
needs to be linked to the measurement endpoints by a series of risk questions and/or
testable hypotheses. In this study, the investigations to assess the effects of
environmental contaminants on the benthic invertebrate community were designed

to answer the following risk questions:

» Are the levels of COPCs in whole sediments from the AOCs in the
Calcasieu Estuary greater than the levels of COPCs in whole sediments
fromreference areas and greater than sediment quality benchmarksfor the
survival, growth, or reproduction of benthic invertebrates?

* Arethelevels of COPCsin pore water from the AOCs in the Calcasieu
Estuary greater than the levels of COPCs in pore water from reference
areas and greater than the chronic toxicity thresholdsfor survival, growth,

or reproduction of benthic invertebrates?
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* |Isthesurvival of benthic invertebrates (asindicated by the survival of the
amphipods, Hyalella azteca and Ampelisca abdita) exposed to whole
sediments from the Calcasieu Estuary outside the normal range [95%
confidence intervals; i.e., <2.5™ percentile] for amphipods exposed to
reference sediments?

* |Isthe growth of benthic invertebrates (as indicated by the growth of the
amphipod, Hyalella azteca) exposed to whole sediments from the
Calcasieu Estuary outsidethenormal range(i.e., 95% confidenceinterval)
for amphipods exposed to reference sediments?

* Is the reproductive success of benthic invertebrates (as indicated by
fertilization and embryo development in the sea urchin, Arbacia
punctulata) exposed to pore water from Calcasieu Estuary sediments
outside the normal range (i.e., 95% confidence interval) for benthic
Invertebrates exposed to pore water from reference sediments?

* Istheincidence of impairment of benthic macroinvertebrate community
structure (as indicated by the results of cluster analyses of data on the
density of pollution indicator species, density of pollution sensitive
species, richness, total abundance of benthic invertebrates, and a
normalized macroinvertebrate index of biotic integrity) in Calcasieu
Estuary sediments elevated relative to the incidence of impairment for

reference sediments?

The linkages between the assessment endpoint and the measurement endpoints are
articulated in greater detail in the BPF (Appendix Al).
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3.4 Exposure of the Benthic Macroinvertebrate Community to
Chemicals of Potential Concern

Exposureisthe contact or co-occurrence of acontaminant and areceptor (Suter et al.
2000). Theexposure assessment isintended to provide an estimate of the magnitude
of exposure of receptorsto COPCs, over timeand space. Both baseline exposure and
potential future exposure need to be evaluated during the exposure anaysis. For the
benthic invertebrate community, contaminated sediment and pore water were

considered to be the principal routes of exposure requiring analysis.

In thisinvestigation, exposure of benthic invertebrates to COPCs was eval uated for
three AOCs and 14 reaches within the study area. Because many of the COPCs
considered in this assessment tend to be relatively persistent in sediments, the data
that were collected during Phase | and Phase Il of the Rl were considered to be
equivalent and used to assess both current and near-term future exposure to sedi ment-
associated COPCs,

The data on the chemical composition of whole sedimentsin the Calcasieu Estuary
that were collected during Phase | and Phase |1 of the RI are presented in Appendix
B4. Likewise, the available data on the composition of pore water from Calcasieu
Estuary sedimentsis presented in Appendix B5. The datasummariesfor each reach
include the number of samplescollected (n), mean and standard deviation, geometric
mean, 5", 10", 25", 50", 75", 90", and 95™ percentiles, and range for each COPCs
(SeeTablesE2-6to E2-24). Tofacilitate comparisonsamong AOCs, thesedatawere
further summarized for each AOC (including the reference area; Tables E2-25 to
E2-28). These AOC-specific data summaries include the number of samples in

which the substance was detected, total number of samplesfor each chemical analyte
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(i.e., substance), aswell asthe estimates of distributionsand central tendency for each
anayte. By comparing the concentrations of COPCsin each AOC to the upper limit
of background concentrations [i.e., the 95% upper confidence limit (UCL) for
sediment samples from reference areas], it is possible to identify the substances that
occur at levels that could pose incremental risks to the benthic invertebrate

community, relative to the risk that they pose in reference sediments.

Upper Calcasieu River Area of Concern - Within the UCR AOQOC, the
concentrations of chromium, copper, lead, mercury, methyl mercury, zinc,
numerous individual PAHs, total low molecular weight PAHs (LMW-PAHS),
total high molecular weight PAHs (HMW-PAHS), total PAHS, various PCB
congenersand PCB mixtures (Aroclors), total PCBs, BEHP, di-n-butylphthal ate,
1,3-dichlorobenzene, 1,4-dichlorobenzene, 1,2-dichloroethane, 1,1,1-
trichloroethane, numerous PCDDs and PCDFs, TCDD-TEQs, acetone, and
carbon disulfide exceeded the 95% UCL for thereference areas by afactor of two
or more (Tables E2-29 and E2-30). The concentrations of nickel, Aroclor 1221,
PCB 80, dimethylphthalate, 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, and
certain PCDDsin UCR sedimentswere not elevated relative to thosein reference
areas (Tables E2-29 and E2-30).

The available pore-water chemistry data indicate that the concentrations of
COPCsin porewater from UCR AOC sediments frequently exceed the levelsin
porewater fromreference sediments. Morespecifically, theconcentrationsof the
following substances were measured in pore-water samples at levels afactor of
two or more above the 95% UCL for reference areas. hydrogen sulfide; various
individual PAHs, numerous PCB congeners, and, 1,2,4,5-tetrachlorobenzene

(Tables E2-31 and E2-32). As such, these substances occur in pore water from
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UCR AOC sediments at levels that could pose an incremental risk to benthic
invertebrates(i.e., relativeto therisksthat they posein pore water from reference
sediments).

Bayou d’Inde Area of Concern - Theresultsof Phasel and |1 of theRI indicate
that certain COPCs occur in sedimentsfromthe Bl AOC at level sthat exceed the
95% UCL for reference sediments. More specifically, the concentrations of
chromium, copper, lead, mercury, methyl mercury, nickel, zinc, variousindividual
PAHs, total LMW-PAHSs, tota HMW-PAHS, tota PAHSs, all of the PCB
congeners and PCB mixtures (i.e., Aroclors), total PCBs, dieldrin, BEHP, di-n-
butylphthalate, dimethylphthalate, 1,3-dichlorobenzene, 1,4-dichlorobenzene,
1,1,1-trichloroethane, 1,2-dichloroethane, al of the PCDDsand PCDFs, TCDD-
TEQs, acetone, and carbon disulfide exceeded the 95% UCL for the reference
areas by afactor of two or more (TablesE2-33 and E2-34). Insufficient datawere
avallable to determine if many other substances occurred at elevated
concentrationsin the BI AOC (e.g., HCB, HCBD).

The available pore-water chemistry data indicate that the concentrations of
COPCsin pore water from Bl AOC sediments frequently exceed the levelsin
porewater fromreference sediments. Morespecifically, theconcentrationsof the
following substances were measured in pore-water samples at levels afactor of
two or more above the 95% UCL for reference areas. hydrogen sulfide;
ammonia; lead (dissolved); nickel (total and dissolved); zinc (total and dissolved);
1,1-biphenyl; various individual PAHs, numerous PCB congeners; total PCBS;
adrin; dieldrin; and, HCB (Tables E2-35 and E2-32). Assuch, these substances

occur in pore water from Bl AOC sediments at levels that could pose an
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incremental risk to benthic invertebrates (i.e., relative to the risks that they pose

in pore water from reference sediments).

Middle Calcasieu River Area of Concern - Elevated levels of various COPCs
(relative to reference sediments) were measured in sediment samples from the
MCR AOC. More specifically, the concentrations of chromium, copper, lead,
mercury, methyl mercury, zinc, variousindividual PAHSs, total LMW-PAHS, total
HMW-PAHSs, total PAHSs, al of the PCB congeners and PCB mixtures (i.e.,
Aroclors), total PCBs, BEHP, di-n-butylphthalate, 1,3-dichlorobenzene, 1,4-
dichlorobenzene, 1,1,1-trichloroethane, 1,2-dichloroethane, various
PCDDs/PCDFs, TCDD-TEQs, acetone, and carbon disulfide exceeded the 95%
UCL for the reference areas by afactor of two or more (Tables E2-36 to E2-38).
The levels of sediment-associated nickel, 1,2,4-trichlorobenzene and 1,2-
dichlorobenzene were similar in the UCR AOC and the reference areas (Tables
E2-36 and E2-37).

The available pore-water chemistry data indicate that the concentrations of
COPCsin porewater from MCR AOC sedimentsfrequently exceed thelevelsin
porewater fromreference sediments. Morespecifically, theconcentrationsof the
following substances were measured in pore-water samples at levels afactor of
two or more above the 95% UCL for reference areas. 1,1-biphenyl; all of the
individual PAHs, numerous PCB congeners; total PCBs; aldrin; dieldrin; HCB;
1,2,3,4-tetrachlorobenzene; 1,2,4,5-tetrachl orobenzene; and, pentachl orobenzene
(TablesE2-39, E2-40, and E2-32). Assuch, these substancesoccur in porewater
fromMCR AOC sedimentsat level sthat could pose anincremental risk to benthic
invertebrates(i.e., relativeto therisksthat they posein pore water from reference
sediments).
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3.5

Summary - The results of the exposure assessment indicate that a number of
COPCs occur in whole-sediment samples and/or pore-water samples from the
Calcasieu Estuary at concentrations in excess of the 95% UCLs for the selected
reference areas. These substances that occur in Calcasieu Estuary sediments
and/or pore water at elevated levels relative to reference conditions include:
hydrogen sulfide; ammonia; chromium; copper; lead; mercury; methyl mercury;
nickel; zinc; 1,1-biphenyl; individual PAHSs; total LMW-PAHS; total HMW-
PAHSs; total PAHs; PCB congeners and mixtures; total PCBs; adrin; dieldrin;
BEHP; di-n-butylphthal ate; dimethylphthalate; HCB; 1,3-dichlorobenzene; 1,4-
dichlorobenzene; 1,2,3,4-tetrachlorobenzene; 1,2,4,5-tetrachlorobenzene;
pentachlorobenzene; 1,1,1-trichloroethane; 1,2-dichloroethane; PCDDs/PCDFs;
TCDD-TEQs, acetone; and, carbon disulfide. As aresult, it is concluded that
these COPCsoccur in whol e sedimentsand/or porewater from Cal casieu Estuary
at levels that could pose incremental risks to benthic invertebrate communities.
Insufficient data were available to determine if certain other substances (e.g.,
HCBD) occurred at elevated levels (i.e., relative to reference areas) within the
three AOCs.

Effects of Contaminants of Potential Concern on Benthic

Invertebrates

In the analysis of effects, risk assessors determine the nature of toxic effectsthat are
associated with exposure to contaminants and their magnitude as a function of
exposure (Suter et al. 2000). Information on the effects of environmental
contaminants may be acquired from the results of single chemical toxicity tests(e.g.,

spiked-sediment toxicity tests), ambient media toxicity tests (e.g., the results of
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toxicity tests conducted using sediments collected from the site under investigation),
and/or biological surveys (e.g., benthic invertebrate community assessments).
Importantly, the data that are collected during this phase of the assessment should be
directly related to the exposure estimates (e.g., if the exposure estimates are based on
dry weight concentrations of COPCs, the effects data should describe the responses
of receptorsto changing dry weight concentrationsof that COPC), thereby facilitating

characterization of risksto each assessment endpoint.

In this assessment, exposure of the benthic invertebrate community to COPCs was
evaluated using information on the concentrations of contaminants in whole
sediments and pore water. Assuch, it was necessary to compile information on the
effects on benthic invertebrate communities associated with exposure to COPCs in
these environmental media. For whole sediments, numerical SQGs are frequently
used to evaluate the effects on benthic invertebrates associated with exposure to
COPCs. Such SQGs can be devel oped using the results of equilibrium partitioning
modeling, spiked-sediment toxicity tests, and/or investigations of in situ sediment
guality conditions (i.e., whole-sediment toxicity tests, whole-sediment chemistry
analyses, and/or benthic invertebrate community surveys; Ingersoll et al. 1997). To
support the selection of toxicity thresholds for whole sediments, numerical SQGs
were compiled from various sources for each of the COPCs identified in the BPF
(i.e., Barrick et al. 1988; Long and Morgan 1990; Long et al. 1995; MacDonald et
al. 1996; USEPA 1997b; CCME 1999; 2001; Field et al. 2002). The candidate
SQGs are presented in Table E2-2.

The toxicity benchmarks for whole sediments were selected using an hierarchical
approach. The concentrations that correspond to a 50% probability of observing
acute toxicity to marine amphipods (i.e., T, values, Field e al. 2002), based on the
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results of logistic regression modeling of matching sediment chemistry and sediment
toxicity data, were selected preferentialy as toxicity benchmarks for whole
sediments. If T, valueswerenot availablefor aCOPC, then ERM values(i.e., Long
and Morgan 1990; Long et al. 1995) or PELs(MacDonald et al. 1996; CCME 1999;
2001) were selected. For COPCs for which T, values, ERMs, and PEL s were not
available, thelower of the AETsfor oysters, benthos, or amphipods were sel ected as
the toxicity benchmark for whole sediments. Finally, the sediment quality advisory
levels (SQALS) that were devel oped for the National Sediment Inventory evaluation
of sediment quality conditions in the United States (USEPA 1997b) were selected
when no other SQGs were available. The selected toxicity benchmarks for whole
sediments are presented in Table E2-3.

Importantly, all of the toxicity benchmarks that were selected for assessing whole-
sediment chemistry data had asimilar narrative intent. That is, the selected toxicity
benchmarks were intended to identify the concentrations of sediment-associated
COPCs above which adverse effects on sediment-dwelling organisms are likely to
occur. Accordingly, COPCsthat occurred in sediment samples at concentrationsin
excessof thetoxicity benchmarksfor whol e sedimentswereidentified aspreliminary
COCs (i.e., one of the substances that are considered to cause or substantially
contribute to sediment toxicity). Because sediment-dwelling organismsarelikely to
respond to all of the COPCsinwhole sediments(i.e., rather than individual COPCs),
the effects of sediment-associated COPCs were evaluated using chemical mixture

models.

Theresultsof the predictiveability evaluation described in Appendix E1indicatethat
al of the candidate chemical mixture (i.e., TUs) models considered substantially

under-predict the toxicity of Calcasieu Estuary sediments. For this reason, estuary-
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specific relationshi ps between concentration and response (i.e., incidence of toxicity
or percent survival) were evaluated using the matching sediment chemistry and
toxicity data that were generated during the Phase Il RI. The results of this
evaluation indicated that the incidence of toxicity and the magnitude of toxicity to
freshwater amphipods in whole sediments were significantly correlated with mean
PEC-Q (i.e., r* = 0.98, p<0.001 and r* = 0.91, p<0.01, respectively; Figure E2-8).
While the magnitude of whole-sediment toxicity to marine amphipods was
significantly correlated with mean PEC-Q (i.e., r* = 0.82, p<0.05), the relationship
between theincidence of toxicity and mean PEC-Q was not asstrong (i.e., r> = 0.55,
p=0.21; Figure E2-11). The models that were developed using the results of pore-
water toxicity tests and benthic invertebrate community assessments were not as
robust asthe model sthat were devel oped based on the results of the whole-sediment
toxicity testsand, hence, were not used in the effects assessment. Theresultsof these
analyses also demonstrated that acute and chronic toxicity to amphipods occurs in
Calcasieu Estuary sedimentsat relatively low mean PEC-Qs(i.e., similar to themean
PEC-Qs that were determined for the sediment samples from reference areas),
suggesting that the mean PEC-Q model does not account for all of thefactorsthat are

causing or substantially contributing to sediment toxicity.

For pore water, numerical WQC or water quality standards (WQSs) may be used to
evaluate the effects on benthic invertebrates associated with exposure to COPCs.
Both acute and chronic WQC are promulgated on a national basis by USEPA
(1999a). Theacute WQC (which are also termed criteria maximum concentrations -
CMCs) are calculated as one-half the final acute value (FAV), which is the fifth
percentileof thedistribution of 48- to 96-h median lethal concentration (L Cy,) values
or equivalent median effective concentration (ECs,) values for each COPC (Suter
1996). The CMCs are intended to represent concentrations of COPCs that would
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cause less than 50% mortality in 5% of the exposed populationsin arelatively brief
exposure. By comparison, the chronic WQC (which are also termed criteria
continuous concentrations - CCCs) are intended to prevent significant toxic effects
In most chronic exposures. The CCCs are calculated by dividing the FAV by the
final acute-chronic ratio, which isthe geometric mean of at least three ratios of L Cy,
to chronic valuesfromtoxicity testson different families of aquatic organisms (Suter
1996).

The toxicity thresholds for pore water were also selected from the candidate water
quality benchmarks using an hierarchical approach. More specifically, the chronic
marine WQSs for the state of Louisiana were selected preferentially as toxicity
thresholds for pore water (LDEQ 2000). The marine CCCs or the marine ecotox
thresholds that were promulgated by USEPA (1996b; 1999a) were selected when
Louisiana State WQSs were not available. If marine WQSs, CCC, or ecotox
thresholds were not available, then chronic toxicity thresholds were estimated from
marine acute toxicity threshol ds by assuming an acute-to-chronicratio of 10 (i.e., the
FAV was divided by a factor of 10 to estimate the chronic WQC). Alternatively,
marine chronic toxicity thresholds were adopted directly from other jurisdictions or
estimated from marine acute toxicity thresholds (NHDES 1996; NY SDEC 1998).
Finally, a freshwater Tier |1 secondary chronic value was selected as the toxicity
threshold for pore water if none of the other WQSs or WQC were available. The
selected toxicity thresholdsfor pore water are presented in Tables E2-4aand E2-4b.

Thetoxicity thresholdsfor porewater areintended to represent the concentrations of
COPCs in agueous media above which toxicity to sensitive aquatic organisms is
likely to occur during chronic exposures. That is, adverse effectsare expected on 5%

of the populations of aquatic organisms that are exposed to such concentrations for
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3.6

protracted periods. Becausethey are based on the results of single chemical toxicity
tests in water-only exposures, samples in which one or more COPCs exceed the
toxicity thresholds for pore water were predicted to be toxic to sensitive aguatic
organismsin thisinvestigation. This application of the chronic toxicity thresholds
IS premised on the assumption that sediment-dwelling organisms exhibit the same
range of sensitivities to COPCs as do water-column species. This assumption has
been demonstrated to be valid, based on the results of water-only toxicity tests with

sediment-dwelling and water-column species (Di Toro et al. 1991).

Characterization of Risks to Benthic Invertebrates

Thepurposeof risk characterizationisto determineif significant effectsareoccurring
or are likely to occur at the site under investigation. In addition, this step of the
process is intended to provide the information needed to describe the nature,
magnitude, and areal extent of effects on the selected assessment endpoints. Finaly,
the substances that are causing or substantially contributing to such effects (termed
COCs) areidentified fromthe COPCs. Thisinformation isgenerated by integrating
theresults of the exposure assessment with theresults of the effects assessment, with
eachlineof evidenceinitially considered separately. Anevaluation of theuncertainty
in the analysis provides a basis for determining the level of confidence that can be
placed on these results and for integrating multiple lines of evidence into an overall
assessment of risks to the benthic invertebrate community. In the final step of the
process, the variouslines of evidence were considered together to establish aweight

of evidence for assessing risks to the assessment endpoint under consideration.

To support the objectives of the risk characterization process, the results of Phase |

and Phase Il of the RI were compiled and used to assess risks to the benthic
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invertebrate community associated with exposure to COPCs in sediment and pore
water. Five lines of evidence were examined to determine if sediments in the
Calcasieu Estuary pose significant risks to the benthic invertebrate community,
including whol e-sediment chemistry, pore-water chemistry, whole-sediment toxicity,

pore-water toxicity, and benthic invertebrate community structure.

Evaluation of thewhol e-sediment chemistry data collected during Phase | and Phase
Il of the RI using the estuary-specific concentration-response models (Appendix E1)
indicates that roughly 62% (389 of 624) and 36% (225 of 624) of the sediment
samples from the three AOCs have concentrations of COPCs that are sufficient to
cause or substantially contribute to sediment toxicity to marine amphipods and
freshwater amphipods, respectively (TablesE2-41 and E2-42). By comparison, 69%
of the whole-sediment samples (52 of 75 samples) collected from the three AOCs
werefound to be acutely toxic to marine amphipods (endpoint: survival), while 37%
(28 of 75 samples) were found to be chronically toxic to freshwater amphipods
(endpoints:  survival or growth; Tables E2-43 to E2-44). Although, the
concentrations of many analytes in pore water were similar to those that were
measured in reference areas, the concentrations of hydrogen sulfide and/or ammonia
TUsweresufficient to cause chronictoxicity to sediment-dwel ling organismsin 69%
(52 of 75 samples) of the pore-water samples collected from Calcasieu Estuary
sediments(Table E2-45). Theincidenceof toxicity withinthethree AOCswaslower
(i.e, 5 of 38 samples; 13%) when the results of pore-water toxicity tests with sea
urchins (endpoint: fertilization and development) were considered, however (Table
E2-46). Finally, the structure of benthic invertebrate communities was impacted in
69% of the sediment samples (52 of 75 samples) collected in thethree AOCs (Table
E2-47). When considered together, these five lines of evidence indicate that
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contaminated sediments are adversely affecting the survival, growth, and

reproduction of benthic invertebrates in the Calcasieu Estuary.

3.6.1 Upper Calcasieu River Area of Concern

The UCR includes the portion of the watershed from the saltwater barrier to the
Highway 210 bridge, a distance of roughly 12 km (or 15 km, including the loop of
the river located south of the saltwater barrier). This portion of the river system
consists of several readily identifiable water bodies, including the UCR mainstem
from the saltwater barrier to Lake Charles, Lake Charles, Calcasieu Ship Channel
from Lake Charles to the Highway 210 bridge, Clooney Island Loop, Contraband
Bayou, Coon Island Loop, and Bayou Verdine (Figure E2-2). The areas of interest
within the UCR AOC include the Clooney Island L oop, Clooney Island Loop Barge
Slip, Coon Island Loop Northeast, and Coon Island L oop Southwest (MacDonald et
al. 2001). Tofacilitate assessment of risksto the benthicinvertebrate community, the

UCR AOC was divided into four main reaches, including:

Upper Calcasieu River - Mainstem and Cal casieu Ship Channel (i.e., from
the saltwater barrier to upstream boundary of the Bl AOC; Figure E2-2);
» Clooney Island Loop (i.e., Figure E2-2);

» Contraband Bayou (i.e., from the headwaters to the mouth; Figure E2-2);
* Coon Island Loop (Figure E2-2).

Therisksto the benthic invertebrate community posed by exposure to contaminated
sediments and contaminated pore water were eval uated for each of these reachesand
for the UCR AOC asawhole. Additionally, hot spotswith respect to contaminated

sediments and pore water were identified when possible.
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3.6.1.1 Nature of Effects on the Benthic Invertebrate Community in the

Upper Calcasieu River Area of Concern

Intotal, dataon five measurement endpointswere used to determineif adverseeffects
on the benthic invertebrate community were occurring in the UCR AOC in response
to exposure to COPCs, including whole-sediment chemistry, pore-water chemistry,
whole-sediment toxicity, pore-water toxicity, and benthic invertebrate community
structure. These dataalso provided abasisfor assessing the nature of the effectsthat
areoccurring or arelikely to be occurring to benthic invertebrate communities. Both
the presence of conditions sufficient to cause or substantially contribute to effects
(i.e., predicted incidence of toxicity) and occurrence of specific typesof effects(i.e.,
observed incidence of toxicity) were used to determineif effectsare occurring within

the study area and to determine the nature of those effects.

When considered in conjunction with numerical SQGs (i.e., chemical mixture
model s), whol e-sediment chemistry data provide abasisfor evaluating the effects of
contaminated sediments on benthic invertebrates. The whole-sediment chemistry
data collected during Phase | and Phase |1 of the Rl were evaluated using estuary-
specific concentration-response models for the amphipods, Hyalella azteca and
Ampelisca abdita. The results of this evaluation indicate that roughly 21% (31 of
146; Table E2-42) and 55% (80 of 146; Table E2-41) of the sediment samplesfrom
the UCR AOC have concentrations of metals, PAHs, and or PCBsthat are sufficient
to cause or substantially contribute to toxicity to freshwater and marine amphipods,
respectively. More specificaly, these data demonstrate that sediment quality
conditions in the UCR AOC are sufficient to reduce the survival and/or growth of

sediment-dwelling organisms only marginally.
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Thepore-water chemistry data collected during the Phase || Rl were compared to the
chronic toxicity thresholds (Tables E2-45, E2-48, and E2-49). The results of this
evaluation indicate that one or more chronic toxicity thresholds for metals were
exceeded inall of thepore-water samples(n=15) collected fromthe UCR AOC inthe
Calcasieu Estuary, which is the same as the predicted incidence of toxicity for
reference areas(i.e., based on one or more exceedances of thetoxicity thresholdsfor
pore water). By comparison, the predicted incidence of toxicity was 62% (18 of 29
samples) when only the concentrations of hydrogen sulfide and ammonia were
considered, which is higher than the incidence of toxicity (21%; n=14) that was
predicted for reference areas(Table E2-47). Therefore, the concentrations of certain
conventional variables in pore water from UCR AOC sediments are sufficient to
adversely affect benthic invertebrates.

Based on the results of acute and chronic toxicity tests, it is apparent that whole
sedimentsfrominthe UCR AOC are adversely affecting the survival and/or growth
of benthicinvertebrates. Of the 29 whol e-sediment samplesthat were collected from
the UCR AOCs, atotal of 16 (55%) were found to be acutely toxic to marine
amphipods (i.e., survival was lower than the 95% L CL (lower confidence limit) for
samples from reference areas; Table E2-43). By comparison, 9 of the 29 whole-
sediment samples (31%) from the UCR AOCs were chronically toxic to freshwater
amphipods (i.e., survival was lower than the 95% L CL for samples from reference
areas; Table E2-44). Consideration of the growth endpoint did not result in the
designation of additional samples as toxic to freshwater amphipods in this reach.
Because reductions in the survival and/or growth of amphipods has been linked to
impaired reproductive success (Swartz et al. 1994; USEPA 2000b), it islikely that
reproduction of sediment-dwelling species would also be impaired in response to
exposure to whole sediments in the UCR AOC. These data demonstrate that
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sediment quality conditionsin the UCR AOC are sufficient to adversely affect the

survival and/or growth of benthic invertebrates.

Theresults of pore-water toxicity tests also provide abasisfor assessing therisksto
benthic invertebrate communities associated with exposure to COPCs in the
Calcasieu Estuary. Overall, 1 of the 15 pore-water samples(7%) fromtheUCRAOC
weretoxictotheseaurchin, Arbacia punctulata,in short-termtoxicity tests(i.e., <48-
h) when gametefertilization and normal embryo development wereconsidered (Table
E2-46). These data suggest that the reproduction of benthic invertebrates exposed
to UCR AOC sediments was compromised only rarely in the UCR AOC.

Information on the structure of benthic invertebrate communities in the Calcasieu
Estuary was also collected as part of the Phase |l RI. Theresults of cluster analyses
of these dataindicate that the structure of the benthic invertebrate community was
impacted in 15 of the 29 sediment samples (52%) that were collected in the UCR
AOCs (Table E2-47). As the incidence of effects on the benthic invertebrate
community in the UCR AOC was higher than the incidence of effects that was
observed for the reference areas, these data suggest that benthic invertebrate
community structure has been atered in the UCR AOC.

When considered together, the five lines of evidence indicate that contaminated
sedimentsin the UCR AOC pose risksto the benthic invertebrate community. More
specificaly, it is likely that the survival, growth, and reproduction of benthic
invertebrates are being adversely affected by exposure to contaminated sediments.
Therefore, it is concluded that significant effects on the benthic invertebrate

community are occurring in the UCR AOC.

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 59

3.6.1.2 Magnitude of Effects on the Benthic Invertebrate Community in

the Upper Calcasieu River Area of Concern

The magnitude of the effects on benthic invertebrates exposed to contaminated
sediments was evaluated using two lines of evidence, including whole-sediment
toxicity and whole-sediment chemistry. Based on the results of acute and chronic
toxicity tests (i.e., observed magnitude of toxicity), it is apparent that exposure to
whole sediments or pore water from the UCR AOC is associated with a range of
responses in sediment-dwelling organisms. Of the 29 whole-sediment samples that
were collected from the UCR AOCs, atotal of 16 (55%) were found to pose a low
risk to marine amphipods (i.e., survival rates of Ampelisca abdita were similar to
those observed for samplesfrom reference areas; Table E2-50). By comparison, the
survival of marine amphipods was reduced by 10 to 20% in four of the samples
(14%) and by >20% in nine of the samples(31%) fromthe UCR AOC (Table E2-50).
For Hyalella azteca, survival in 28-d toxicity tests was similar to that for reference
samples in 24 of 29 whole-sediment samples (83%) from the UCR AOC (Table
E2-51). By comparison, the survival of freshwater amphipods was reduced by 10 to
20% in one of the samples (3%) and by >20% in four of the samples (14%) fromthe
UCR AOC (Table E2-51). Of the 15 pore-water samples collected from the UCR
AOC, one (7%) had sea urchin fertilization rates that were dissimilar to those that
were observed in pore water from reference sediments (Table E2-52); afertilization

rate of 1.2% was reported for sea urchins exposed to this pore-water sample.

The magnitude of toxicity to benthic invertebrate communities was also evaluated
using the whol e-sediment chemistry data collected during Phase| and Phase | of the
RI. More specifically, the predicted magnitude of toxicity was determined for each
whol e-sediment sampl e usi ng estuary-specific concentrati on-response model sfor the

amphipods, Hyalella azteca and Ampelisca abdita (Figures E2-8 and E2-11). The
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results of this evaluation indicate that the concentrations of metals, PAHs, and or
PCBs in whole-sediment samples from the UCR AOC (i.e., as indicated by mean
PEC-Qs) generaly pose a low risk to the benthic invertebrate community. The
predicted survival of marine amphipods in 121 of 146 (83%) whole-sediment
samples from the UCR AOC was within 10% of the lower limit of the normal range
(i.e., 95% confidence intervals) of predicted survival rates for the reference areas
(Table E2-53); indeterminate and high risks to the benthic invertebrate community
were indicated for 11 (8%) and 14 (10%) whole-sediment samples, respectively,
based on predicted magnitude of toxicity to marine amphipods (Table E2-53). By
comparison, the predicted magnitude of toxicity to freshwater amphipods indicates
that 134 (92%), 8 (5%), and 4 (3%) whole-sediment samples from the UCR AOC
poselow, indeterminate, and high risksto the benthicinvertebrate community (Table
E2-54).

Overall, the information on the observed and predicted magnitude of toxicity to
freshwater and marine amphipods indicates that exposure to whole sediments from
the UCR AOC generadly poses a low risk to the benthic invertebrate community
(Tables E2-50, E2-51, E2-53, and E2-54). Nevertheless, the concentrations of
COPCs are sufficient to cause or substantially contribute to sediment toxicity in at
least 18% of the whole-sediment samples collected from this AOC (n=146).
Importantly, the survival of marine or freshwater amphipods was reduced by more
than 10% relativeto referencein at least 45% of the whol e-sediment samples tested
fromthis AOC. These results demonstrate that this AOC has a number of hot spots

with respect to sediment contamination and toxicity that may requireremedial action.
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3.6.1.3 Preliminary Assessment of the Areal Extent of Effects on the
Benthic Invertebrate Community in the Upper Calcasieu River

Area of Concern

A preliminary assessment of the areal extent of adverse effects on benthic
invertebrate communitiesinthe UCR AOC was conducted using thewhol e-sediment
chemistry datathat were collected in Phase | and Phase Il of the RI. To support this
evaluation of the spatial distribution of effects, mean PEC-Qs were calculated for
each of the sediment samples (n=146) that were obtained from the UCR AOC.
Subsequently, each sediment sample was classified into one of three categories (i.e.,
low, indeterminate, or high), based on therisk that it posed to marine amphipods and
freshwater amphipods (i.e., using the estuary-specific concentration-response
models). Then, thesedatawere compiled on areach by reach basisand mapped using
ArcView/Spatial Analyst software. Thereachesthat wereconsideredinthisanalysis
included the Upper Calcasieu River mainstem reach, Clooney Island Loop reach,

Contraband Bayou reach, and Coon Island Loop reach.

Upper Calcasieu River - Mainstem Reach - Whol e-sediment chemistry dataare
available for a total of 49 samples from the Upper Calcasieu River mainstem
reach of the UCR AOC. The geometric mean of the mean PEC-Q for these
sampleswas0.145, suggesting that on average sediment-associ ated contami nants
pose relatively low risks to sediment-dwelling organisms in this reach of the
estuary (Tables E2-53 and E2-54). Nevertheless, mean PEC-Qs sufficient to
reducethe survival of marine amphipodsby 10 to 20% relativeto reference areas
were observed in three of the 49 sediment samples from thisreach (Table E2-53
and E2-54). One of the 49 whole-sediment sampl es collected from thisreach had
mean PEC-Qs sufficient to reduce the survival of freshwater amphipodsby 10to
20%, relative to reference conditions (Table E2-54). Sediment samples posing

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 62

Indeterminate or high risksto sediment-dwelling organismswere obtained in the
eastern portion of Lake Charles and in the wetland area on the western side of
Lake Charles (Figures E2-12a to E2-13b). The results of whole-sediment and
pore-water toxicity testsindicate that sediment samplesfrom the Calcasieu River
immediately upstream of Lake Charles, the south-east portion of Lake Charles,
the Calcasieu River immediately downstream of Lake Charles, and the Calcasieu
River downstream of Contraband Bayou were toxic to freshwater or marine
amphipods, sea urchins, and/or benthos (Figures E2-14 to E2-18). The benthic
Invertebrate community wasimpacted in four of the eight samplesfromthisreach
(Figure E2-19).

Clooney Island Loop Reach - For the Clooney Island Loop reach of the UCR
AOC, whole-sediment chemistry dataare availablefor atotal of 32 samples. The
geometric mean of the mean PEC-Q for these sampleswas 0.140 (Tables E2-53
and E2-54), suggesting that sediment-associated contaminants generally pose
relatively low risks to sediment-dwelling organisms in this reach of the river.
However, four of the whole-sediment samplesfrom thisreach had mean PEC-Qs
sufficient to reducethe survival of freshwater or marine amphipods by 10 to 20%
relative to reference areas (Tables E2-53 and E2-54). Even lower survival (i.e.,
>20% reduction relative to reference) of freshwater and marine amphipods was
predicted for five of the 32 sediment samples from thisreach (Tables E2-53 and
E2-54). Thelocationswhere contaminated sedimentsposeindeterminate, or high
risksto sediment-dwelling organismsinclude Clooney | sland barge dlip, in small
embayments in the northern and northeastern portion of the loop, and on the
northwestern portion of the loop (Figures E2-12a to E2-13b). The results of
whole-sediment toxicity tests confirm that whole-sediment samples from

throughout the Clooney I sland L oop weretoxic to freshwater amphipods, marine

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 63

amphipods, and/or seaurchins, with the most toxic samples (i.e., lowest survival
rates) collected from the Clooney Island barge slip and the Clooney Island L oop
immediately south of the Olin Chemicals property, which issituated at the north
end of the loop between the Conoco and Lyondell Properties (Figures E2-14 to
E2-18). Two of the samplesfrom thisreach (n=6) had characteristics consistent

with an impacted benthic invertebrate community (Figure E2-19).

Contraband Bayou Reach - Based on the results of chemical analysis of nine
whole-sediment samples, it is apparent that on average sediment-associated
contaminants pose a low risk to benthic invertebrates in the Contraband Bayou
reach of Upper Calcasieu River. A geometric mean of the mean PEC-Q of 0.126
was calculated for the reach (Tables E2-53 and E2-54). Application of the
concentration-response relationships for both freshwater and marine amphipods
to the whole-sediment chemistry data suggests that two of the nine samples
collected in thisreach pose an indeterminate or high risk to benthic invertebrates
(Tables E2-53 and E2-54). The samples with elevated mean PEC-Qs were
collected downstream of the Prien L ake Road bridge and nearby the Port of Lake
Charles (Figures E2-12a to E2-13b). None of the six samples tested from
Contraband Bayou were found to be toxic to freshwater amphipods, marine
amphipods and/or sea urchins (Figures E2-14 to E2-18). However, the benthic
invertebrate community wasimpacted in al of the samplesfrom this reach (n=6;
Figure E2-19).

Coon Island Loop Reach - Among the four reaches in the UCR AOC, the 56
sediment samples from the Coon Island Loop had the lowest geometric mean of
the mean PEC-Qs(0.086; TablesE2-53 and E2-54). Assuch, risksto the benthic

invertebrate community were generaly classified low within this reach.

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 64

Nevertheless, the whole-sediment chemistry datathat are availablefor thisreach
indicate that the concentrations of COPCs are sufficient to pose a high risk and
anindeterminaterisk to benthicinvertebratesin seven and five of the 56 sediment
samples, respectively (Tables E2-53 and E2-54). The hot spots with respect to
sediment contamination (i.e., asindicated by themean PEC-Q) include the mouth
of BV, the northwest portion of Coon Island Loop, and the southeast portion of
Coon Island Loop (Figures E2-12ato E2-13b). The results of whole-sediment
and pore-water toxicity tests confirm that sediment samples from these locations
were toxic to freshwater amphipods, marine amphipods, and/or sea urchins
(Figures E2-14 to E2-18). The benthic invertebrate community wasimpacted in

three of the nine samples from this reach (Figure E2-19).

In summary, sediments within the UCR AOC are generally of sufficient quality to
support the normal survival, growth, and reproduction of benthic invertebrates.
Overall, the mean PEC-Qs calculated for the sediment samples collected from this
AOC havechemical characteristicsthat are similar to those that were measuredin the
reference areas. Additionally, theincidence and magnitude of toxicity to freshwater
and marine amphipods were similar to those that were observed for reference areas.
Nevertheless, a number of hot spots with respect to sediment contamination were
identified within the UCR AOC, with the highest risks to benthic invertebrates
occurringinthe Clooney Island barge slip, Lake Charles, Upper Calcasieu River, the
northern and northeastern portions of Clooney Island L oop, portions of Contraband
Bayou, the mouth of Bayou Verdine, Coon Island L oop northwest, and Coon Island
L oop southeast.
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3.6.1.4 Contaminants of Concern in the Upper Calcasieu River Area of

Concern

Following the assessment of risks to the benthic invertebrate community, it is
important to identify the factors that are causing or substantially contributing to
adverse effects on sediment-dwelling organisms. In this document, the substances
that occur in UCR AOC sediments at concentrations that are sufficient to cause or
substantially contribute adverse effects on the survival, growth, or reproduction of
benthic invertebrates aretermed COCs. The COCsinthe UCR AOC, relativeto the
potential for adversely affecting benthic invertebrate communities, were identified
by comparing the concentrations of COPCs in whole sediments or pore water to the
concentrations of those substances in reference sediments and to the selected
benchmarks for those substances. Additionally, the distributions of the effects and
no effects datafor each biological endpoint were examined to confirm that therewas
concordance between chemical concentrationsand one or more biological responses
for each COC identified.

Based on the results of the exposure assessment, atotal of 86 substances or groups
of substances occurred in whole sediments from the UCR AOC at levels afactor of
two or more higher than the 95% UCL for reference sediments (Table E2-30).
Subsequent screening agai nst benchmarksfor whol e-sediment chemistry reveal ed that
the majority of these substances represent preliminary COCs relative to the benthic
invertebrate community (Table E2-55). Divergence of the cumulative effectsand no
effects distributions compiled using the matching sediment chemistry and laboratory
toxicity data or benthic invertebrate community data confirmed that the following
substances are considered to be COCs in the UCR AOC (Tables E2-56 to E2-59;
Figures E2-20 to E2-56): chromium; copper; lead; mercury; zinc; numerous
individual PAHS; total LMW-PAHSs; total HMW-PAHS; total PCBs, BEHP; and,
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TCDD-TEQs(TableE2-59). Historicand/or ongoing sourcesof these substancesare
known to occur in the estuary (see BPF for more information on the sources of these
COCs). Insufficient information wasavailableto determineif many other substances
represented COCs, including: methyl mercury; various individual PAHs; Aroclor
1254; numerous PCB congeners; aldrin; dieldrin; certain phthalates; HCB; HCBD;
various chlorinated benzenes, 1,2-dichloroethane; various PCDDs and PCDFs,

acetone; and, carbon disulfide.

Dataon the concentrations of COPCsin pore-water samplesalso providesimportant
information for identifying COCs. Comparison of the measured concentrations of
COPCs in pore water to the concentrations in pore water from reference sediments
(Table E2-32), and to thetoxicity thresholdsfor porewater (Table E2-60), and inthe
effectsand no effectsdistributions (based on theresultsof the seaurchintoxicity test;
Table E2-61) indicates that none of the substances considered should be identified
as COCs in pore water (Table E2-62). However, hydrogen sulfide should be
considered to be a COC since the results of whole-sediment toxicity tests with the
amphipod, Ampelisca abdita, suggest that it is contributing to sediment toxicity and
because pore water sampleswere manipulated prior to testing in amanner that could

alter hydrogen sulfide concentrations.

Thesubstancesthat occur inwhole-sediment or pore-water samplesat concentrations
above those in reference areas, above the selected benchmarks, and show
concordance with the biological response data, represent the COCsrelativeto effects
on benthic invertebrates. Inthe UCR AOC, the COCs include: hydrogen sulfide;
chromium; copper; lead; mercury; zinc; numerous individual PAHSs; total LMW-
PAHSs; total HMW-PAHS; total PCBs; BEHP; and, TCDD-TEQs. The results of

28-d bioaccumulation tests with the polychaete, Nereis virens, confirm that the

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 67

following substances have accumulated to elevated levels in the tissues of benthic
invertebrates (i.e., mean concentrations are factor of two or more higher than those
in reference areas) and, hence, are bioavailable Calcasieu Estuary sediments (Table
E2-63): nickel; chrysene; various PCB congeners, diethylphthalate; BEHP; HCBD;
and, virtually all of the PCDDs and PCDFs.

3.6.2 Bayou d’Inde Area of Concern

Bayou d’'Inde is one of the major tributaries to the Calcasieu River (Figure E2-3).
From its headwaters near Sulphur, Louisiana, Bayou d’ Inde flowsin asoutheasterly
direction some 16 km to its confluence with the Cal casieu Ship Channel (or roughly
11 kmfromthel-10 bridgeto the mouth). Over that distance, Bayou d' Indeisjoined
by several tributaries, the largest of which isMaple Fork. The lower portions of the
bayou are characterized by hydraulic connections (i.e., channels that connect the
wetlands to the bayou) with a great deal of off-channel wetland habitat, the largest
of which isthe Lockport Marsh. The areas of interest within the Bl AOC include
Lower Bayou d'Inde and Middle Bayou d'Inde (MacDonald ef al. 2001). To
facilitate assessment of risksto the benthic invertebrate community, the Bl AOC was

divided into five reaches, including:

» Upper Bayoud'Inde(i.e., fromtheheadwatersto the Highway 108 bridge;
Figure E2-3);

* MiddleBayoud Inde(i.e., fromtheHighway 108 bridgeto the confluence
with PPG Canal; Figure E2-3);

* Lower Bayoud Inde(i.e., themainstem from thethe confluence with PPG

Canal to the confluence with the Calcasieu River; Figure E2-3);
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* PPG Canadl (i.e., fromtheheadwatersto theconfluencewith Bayoud’ Inde;
Figure E2-3); and,
* Lockport Marsh (i.e., the wetland areas |located near the mouth of Bayou

d’Inde, but excluding the Lower Bayou d’ Inde mainstem; Figure E2-3).

The risks to benthic invertebrate community posed by exposure to contaminated
sediments and contaminated pore water were evaluated for each of these reachesand
for the BI AOC as awhole. Additionally, hot spots with respect to contaminated

sediments and pore water were identified when possible.

3.6.2.1 Nature of Effects on the Benthic Invertebrate Community in the

Bayou d’Inde Area of Concern

Intotal, dataon five measurement endpoi ntswere used to determineif adverseeffects
on the benthic invertebrate community were occurring in the Bl AOC in response to
exposure to COPCs, including whole-sediment chemistry, pore-water chemistry,
whole-sediment toxicity, pore-water toxicity, and benthic invertebrate community
structure. These dataalso provided abasisfor assessing the nature of the effectsthat
areoccurring or arelikely to be occurring to benthic invertebrate communities. Both
the presence of conditions sufficient to cause or substantially contribute to effects
(i.e., predicted incidence of toxicity) and occurrence of specific typesof effects(i.e.,
observed incidence of toxicity) were used to determineif effectsare occurring or are
likely to be occurring within the study area and to determine the nature of those
effects.

When considered in conjunction with numerical SQGs, whole-sediment chemistry

dataprovide abasisfor evaluating the effects of contaminated sediments on benthic
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invertebrates. Thewhole-sediment chemistry datacollected during Phasel and Phase
Il of the RI were evaluated using estuary-specific concentration-response modelsfor
the amphipods, Hyalella azteca and Ampelisca abdita. Theresultsof thisevaluation
indicate that roughly 47% (148 of 315; Table E2-42) and 68% (214 of 315; Table
E2-41) of the sediment samples from the Bl AOCs have concentrations of metals,
PAHSs, and or PCBsthat are sufficient to cause or substantially contribute to toxicity
to freshwater and marine amphipods, respectively. More specificaly, these data
demonstrate that sediment quality conditionsin the BI AOC are sufficient to reduce

the survival and/or growth of sediment-dwelling organisms.

The pore-water chemistry datacollected during the Phase |l RI were compared to the
chronic toxicity thresholds (Tables E2-45, E2-48, and E2-49). The results of this
evaluation indicate that one or more chronic toxicity thresholds for metals were
exceeded in all of the pore-water samples (n= 15) collected from the Bl AOC; the
predicted incidence of pore-water toxicity was also 100% for the samples from the
referenceareas(TablesE2-45, E2-48, and, E2-49; based on one or more exceedances
of thetoxicity thresholdsfor porewater). However, when only the concentrations of
hydrogen sulfide and ammonia were considered, the predicted incidence of pore-
water toxicity in Bayou d’ Inde was 87% (n=31; compared to 21% for the reference
areas, Table E2-45). Therefore, the concentrations of certain conventional variables
in pore water from Bl AOC sediments are sufficient to adversely affect benthic

invertebrates.

Based on the results of acute and chronic toxicity tests, it is apparent that whole
sediments from the Bl AOC are adversely affecting the survival and/or growth of
benthic invertebrates. Of the 31 whole-sediment samples that were collected from

the Bl AOCs, atotal of 28 (90%) werefound to be acutely toxic to marine amphipods

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 70

(i.e., survival waslower than the 95% L CL for samplesfrom reference areas,; Table
E2-43). By comparison, 15 of the 31 whole-sediment samples (48%) from the BI
AOCswere chronically toxic to freshwater amphipods (i.e., survival waslower than
the 95% L CL for samples from reference areas; Table E2-44). The incidence of
toxicity to freshwater amphipods would have been higher had the results for the
growth endpoint also been considered in the analysis. Because the reductionsin the
survival and growth of amphipodshavebeen linked to impaired reproductivesuccess
(Swartz et al. 1994; USEPA 2000b), it is likely that reproduction of sediment-
dwelling species would also be impaired in response to exposure to contaminated
sedimentsin the Bl AOC. These data demonstrate that sediment quality conditions
inthe Bl AOC are sufficient to adversely affect the survival and/or growth of benthic

invertebrates.

Theresults of pore-water toxicity tests also provide abasisfor assessing therisksto
benthic invertebrate communities associated with exposure to COPCs in the
Calcasieu Estuary. Overall, 2 of the 15 pore-water samples (13%) fromthe BI AOC
weretoxictotheseaurchin, Arbacia punctulata,in short-termtoxicity tests(i.e., <48-
h) when gametefertilization and normal embryo development wereconsidered (Table
E2-46). While these data suggest that sediment quality conditions sufficient to
adversely affect thereproduction of benthicinvertebratesdo not occur throughout the
Bl AOC, such effects are likely to occur in certain locations within the AOC.

Information on the structure of benthic invertebrate communities in the Calcasieu
Estuary was also collected as part of the Phase |l RI. Theresults of cluster analyses
of these dataindicate that the structure of the benthic invertebrate community was
Impacted in 26 of the 31 sediment samples (84%) that were collected inthe Bl AOC
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(Table E2-47; compared to 36% for samples from reference areas), indicating that

benthic invertebrate community structure was impacted throughout the Bl AOC.

When considered together, the five lines of evidence indicate that contaminated
sedimentsin the Bl AOC pose risksto the benthic invertebrate community. That is,
it islikely that the survival, growth, and reproduction of benthic invertebrates are
being adversely affected by exposure to contaminated sediments. Therefore, it is
concluded that significant effects on the benthic invertebrate community are

occurring in the BI AOC.

3.6.2.2 Magnitude of Effects on the Benthic Invertebrate Community in

the Bayou d’Inde Area of Concern

The magnitude of the effects on benthic invertebrates exposed to contaminated
sediments was evaluated using two lines of evidence, including whole-sediment
toxicity and whole-sediment chemistry. Based on the results of acute and chronic
toxicity tests, it is apparent that exposure to whole sediments or pore water from the
Bl AOC isassociated with arange of responsesin sediment-dwelling organisms. Of
the 31 whol e-sediment samplesthat were collected fromthe Bl AOCs, atotal of three
(10%) were found to pose a low risk to marine amphipods (i.e., survival rates of
Ampelisca abdita were sSimilar to those observed for samples from reference areas,
Table E2-50). By comparison, the survival of marine amphipodswas reduced by 10
to 20% in seven of the samples (23%) and by >20% in 21 of the samples (68%) from
the Bl AOC (Table E2-50). For Hyalella azteca, survival in 28-d toxicity tests was
similar to that for reference samplesin 20 of 31 whole-sediment samples (65%) from
the Bl AOC (Table E2-51). By comparison, the survival of freshwater amphipods
was reduced by 10 to 20% in three of the samples (10%) and by >20% in eight of the

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 72

samples (26%) from the Bl AOC (Table E2-51). Of the 15 pore-water samples
collected from the Bl AOC, two (13%) had sea urchin fertilization rates that were
dissimilar to those that were observed in pore water from reference sediments (Table
E2-52).

The magnitude of toxicity to benthic invertebrate communities was also evaluated
using the whol e-sediment chemistry data collected during Phase | and Phaselll of the
RI. More specifically, the predicted magnitude of toxicity was determined for each
whol e-sediment sampl e usi ng estuary-specific concentration-response model sfor the
amphipods, Hyalella azteca and Ampelisca abdita (Figures E2-8 and E2-11). The
results of this evaluation indicate that the concentrations of metals, PAHs, and or
PCBsin whole-sediment sasmplesfromthe Bl AOC (i.e., asindicated by mean PEC-
Qs) generally pose an indeterminaterisk to the benthic invertebrate community. The
predicted survival of marine amphipods in 132 of 315 (42%) whole-sediment
samples from the Bl AOC was within 10% of the lower limit of the normal range
(i.e., 95% confidence intervals) of predicted survival rates for the reference areas
(Table E2-53). However, indeterminate and high risks to the benthic invertebrate
community were indicated for 33 (10%) and 150 (48%) whole-sediment samples,
respectively, based on predicted magnitude of toxicity to marine amphipods (Table
E2-53). By comparison, the predi cted magnitude of toxicity to freshwater amphipods
indicatesthat 201 (64%), 73 (23%), and 41 (13%) whole-sediments samplefrom the
Bl AOC pose a low, indeterminate, and high risk to the benthic invertebrate
community (Table E2-54).

Overall, the information on the observed and predicted magnitude of toxicity to
freshwater and marine amphipods indicates that exposure to whole sediments from

the Bl AOC poses variable risks to the benthic invertebrate community (Tables
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E2-50, E2-51, E2-53, and E2-54). Additionally, the concentrations of COPCs are
sufficient to pose a high risk to freshwater or marine amphipodsin 13 to 48% of the
sediment samples analyzed from this AOC (n=315), depending on the toxicity test
considered (Table E2-53 and E2-54). Importantly, the survival of marine or
freshwater amphipods was reduced by more than 10% relative to referencein 35 to
90% of the whol e-sediment samplestested from this AOC, depending on thetoxicity
test considered (Table E2-50 and E2-51). These results demonstrate that sediment
contamination and associated toxicity pose unacceptablerisksto benthicinvertebrate

communities throughout much of this AOC.

3.6.2.3 Preliminary Assessment of the Areal Extent of Effects on the
Benthic Invertebrate Community in the Bayou d’Inde Area of

Concern

A preliminary assessment of the areal extent of adverse effects on benthic
invertebrate communities in the BI AOC was conducted using the whole-sediment
chemistry datathat were collected in Phase | and Phase|l of the RI. To support this
evaluation of the spatial distribution of effects, mean PEC-Qs were calculated for
each of the sediment samples (n=315) that were obtained from the Bl AOC.
Subsequently, each sediment sample was classified into one of three categories (i.e.,
low, indeterminate, or high), based on the risk that it posed to marine amphipods,
freshwater amphipods, and seaurchins(i.e., using the estuary-specific concentration-
response model). Then, these data were compiled on a reach by reach basis and
mapped using ArcView/Spatial. The reaches that were considered in this analysis
included Upper Bayoud' Inde, MiddleBayoud' Inde, Lower Bayoud' Indemainstem,
L ockport Marsh, and PPG Canal.
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Upper Bayou d’Inde Reach - Whole-sediment chemistry data are available for
atotal of 53 samples from the Upper Bayou d' Inde reach of the Bl AOC. The
geometric mean of the mean PEC-Q for these sampleswas 0.265, suggesting that
on average sediment-associ ated contami nants poserel atively low to indeterminate
risks to sediment-dwelling organisms in this reach of the estuary (Tables E2-53
and E2-54). Mean PEC-Qs sufficient to reduce the survival of freshwater or
marine amphipods by 10 to 20% relative to reference areas were observed in 9
(17%) of the 53 sediment samples from this reach (Tables E2-53 and E2-54).
Contaminated sediments pose an indeterminate risk to sediment-dwelling
organisms immediately downstream of the CitCon facility (i.e., roughly 1 km
upstream of the Highway 108 bridge: Figures E2-57ato E2-58b). The mean
PEC-Qs calculated for 19 of the 53 sediment samples indicated a high risk to
freshwater or marine amphipods (Tables E2-53 and E2-54); the highest risk
locations were |ocated between the CitCon facility and the Highway 108 bridge
(Figures E2-57a to E2-58b). The results of whole-sediment and pore-water
toxicity testsindicate that the whol e-sediment samplesfrom Upper Bayou d’ Inde
immediately south of the Highway 1-10 bridge and those from upstream of the
Highway 108 bridge were toxic to freshwater amphipods, marine amphipods
and/or to seaurchins(FiguresE2-59to E2-63). Benthicinvertebratecommunities

were aso impacted in these areas (Figure E2-64).

Middle Bayou d’Inde Reach - For the Middle Bayou d'Inde reach of the Bl
AOC, whole-sediment chemistry dataare availablefor atotal of 93 samples. The
geometric mean of the mean PEC-Q for these samplesis 0.369, suggesting that
on average sediment-associ ated contaminants pose indeterminate to high risksto
sediment-dwelling organisms in this reach of the estuary (Tables E2-53 and
E2-54). Thirty-eight (41%) of the whole-sediment samples from this reach had
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mean PEC-Qssufficient toreducethesurvival of freshwater or marineamphipods
by 10 to 20% relative to reference areas (Tables E2-53 and E2-54). Even lower
survival (i.e., >20% reduction relative to reference) of freshwater or marine
amphipods was predicted for 71% sediment samples from this reach (Tables
E2-53 and E2-54). Contaminated sediments pose a high risk to sediment-
dwelling organisms throughout this reach of the BI AOC (Figures E2-57a to
E2-58b). Theresultsof whole-sediment and pore-water toxicity testsindicatethat
samples from the stations located immediately downstream of the Highway 108
bridgeandin M aple Fork weretoxicto freshwater amphipods, marineamphipods,
and/or to seaurchins(FiguresE2-59to E2-63). Benthicinvertebratecommunities

were aso impacted in these areas (Figure E2-64).

Lower Bayou d’Inde Reach - Based on the results of chemical analysis of 38
whole-sediment samples, it is apparent that on average sediment-associated
contaminants generally pose alow risk to benthic invertebratesin the mainstem
portion of Lower Bayou d’' Inde. A geometric mean of the mean PEC-Q of 0.198
was calculated for the reach (Tables E2-53 and E2-54). Application of the
concentration-response relationships for both freshwater and marine amphipods
to the whole-sediment chemistry data suggests that six (16%) of the samples
collected in thisreach pose an indeterminate risk to benthic invertebrates (Tables
E2-53 and E2-54). Eleven (29%) of the samples collected from this reach of the
Bl AOC had mean PEC-Qs sufficient to pose a high risk to sediment-dwelling
organisms, with the sediments posing the highest risks collected within 1.5 km of
the mouth of the PPG Canal (Figures E2-57a to E2-58b). All of the samples
(n=3) collected from this reach were found to be toxic to freshwater amphipods,

marine amphipods, and/or to sea urchins (Figures E2-59 to E2-63). Benthic
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invertebrate communities were impacted at two of the three locations sampled
within this reach (Figure E2-64).

Lockport Marsh Reach - A total of 125 sediment sampleswere collected from
the Lockport Marsh portion of Lower Bayou d’' Inde; the geometric mean of the
mean PEC-Qs was 0.229 for these samples. Risks to the benthic invertebrate
community weregenerally classified asbeing low withinthisreach (TablesE2-53
and E2-54). The whole-sediment chemistry datathat are available for thisreach
indicate that the concentrations of COPCs are sufficient to pose a high risk and
anindeterminaterisk to benthicinvertebratesin 51 (41%) and 19 (15%) sediment
samples, respectively (Tables E2-53 and E2-54). The hot spots with respect to
sediment contamination (i.e., as indicated by the mean PEC-Q) occurred
throughout much of Lockport Marsh, with the levels of risk lowest in the areas
located closest to the Calcasieu Ship Channel (Figures E2-57ato E2-58b). The
results of whole-sediment toxicity tests confirm that all of the sediment samples
from Lockport Marsh are toxic to freshwater amphipods, marine amphipods,
and/or to sea urchins (Figures E2-59 to E2-63). The benthic invertebrate
community wasimpacted in most of the samples collected within thisreach (i.e.,
9 of 12; Figure E2-64).

PPG Canal Reach - Fewer sediment samples were collected from PPG Canal
(n=6) than were collected from the other reaches within the Bl AOC. When the
concentrations of metals, PAHs, and PCBs were considered, these samples had
thelowest level sof contamination among thefivereachesof theBl AOC (i.e., the
geometric mean of the mean PEC-Qs was 0.187; Tables E2-53 and E2-54).
While the risks posed to the benthic invertebrate community were generaly

considered to be low (i.e., based on the average levels of contamination), one of
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the samples had sufficient levels of contamination to pose an indeterminate risk
to benthic invertebrates (Tables E2-53 and E2-54). In addition, three of the
samples were considered to pose a high risk to the benthic invertebrate
community (Figures E2-57ato E2-58b). Based on the results of whole-sediment
toxicity tests with freshwater or marine amphipods, and/or sea urchins, four of
these six sampleswerefound to betoxic to sediment-dwelling organisms (Figures
E2-59 to E2-63). The benthic invertebrate community was impacted in all the

samples from this reach (Figure E2-64).

In summary, sediments within the Bl AOC generally pose variable risks to benthic
invertebrate communities. The mean PEC-Qs calculated for the sediment samples
collected from this AOC were higher than those that were measured in the reference
areas. Additionally, theincidenceand magnitude of toxicity tofreshwater and marine
amphipods were elevated, relative to those that were observed for reference areas.
Importantly, a number of hot spots with respect to sediment contamination were
identified within the BI AOC, with the highest risks to benthic invertebrates
occurring in portions of Upper Bayou d'Inde in the vicinity of the Highway 108
bridge, Maple Fork, PPG Canal, the Lower Bayou d’ Inde mainstem, and L ockport
Marsh. Assuch, the survival, growth, and reproduction of benthic invertebratesis
likely to beimpaired throughout much of BI AOC, particularly in those areas|ocated
downstream of the CitCon facility (i.e., the lower 8 km of Bayou d'Inde and

associated tributaries).

3.6.2.4 Contaminants of Concern in the Bayou d’Inde Area of Concern

Following the assessment of risks to the benthic invertebrate community, it is

important to identify the factors that are causing or substantially contributing to
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adverse effects on sediment-dwelling organisms. In this document, the substances
that occur in Bl AOC sediments at concentrations that are sufficient to cause or
substantially contribute adverse effects on the survival, growth, or reproduction of
benthic invertebrates are termed COCs. The COCs in the Bl AOC, relative to the
potential for adversely affecting benthic invertebrate communities, were identified
by comparing the concentrations of COPCsin whole sediments or pore water to the
concentrations of those substances in reference sediments and to the selected
benchmarks for those substances. Additionally, the distributions of the effects and
no effectsdatafor each biological endpoint were examined to confirm that therewas

concordance between chemical concentrations and biological responses.

Based on the results of the exposure assessment, atotal of 93 substances or groups
of substances occurred in whole sedimentsfromthe Bl AOC at levelsabovethe 95%
UCL for reference sediments (Table E2-34). Subsequent screening against
benchmarks for whole-sediment chemistry revealed that the majority of these
substances represent preliminary COCs relative to the benthic invertebrate
community (Table E2-64). Divergence of the cumulative effects and no effects
distributionscompiled using the matchi ng sediment chemistry and | aboratory toxicity
data or benthic invertebrate community data confirmed the following substances
represent COCsin the Bl AOC (Tables E2-56 and E2-65; Figures E2-20 to E2-56):
chromium; copper; lead; mercury; zinc; variousindividual PAHSs; total PCBs; aldrin;
dieldrin; BEHP; HCB; HCBD; and, TCDD-TEQs (Table E2-65). Historic and/or
ongoing sources of these substances are known to occur in the estuary (see BPF for
more information on the sources of these COCs). Insufficient information was
availableto determineif many other substancesrepresented COCs, including: methyl

mercury; variousindividual PAHs; Aroclor 1254; al of the PCB congeners; certain
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phthalates; various chlorinated benzenes; chlorinated ethanes, PCDDs/PCDFs;

acetone; and, carbon disulfide.

Dataon the concentrations of COPCsin pore-water samplesalso providesimportant
information for identifying COCs. Comparison of the measured concentrations of
COPCs in pore water to the concentrations in pore water from reference sediments
(Table E2-32), and to thetoxicity thresholdsfor porewater (Table E2-60), and inthe
effectsand no effectsdistributions(based on theresultsof the seaurchin toxicity test;
Table E2-61) indicates that hydrogen sulfide, total nickel, and total zinc should be
considered to be COCs in pore water (Table E2-66). The results of 28-d
bioaccumul ation tests with the polychaete, Nereis virens, confirm that thefollowing
substances have accumul ated to el evated level sin thetissues of benthic invertebrates
(i.e., mean concentrations are factor of two or more higher than those in reference
areas) and, hence, are bioavailable in Bl AOC sediments (Table E2-63): nickel;
various PCB congeners; diethylphthalate; HCBD; and, all of the PCDDsand PCDFs

measured.

3.6.3 Middle Calcasieu River Area of Concern

The Middle Calcasieu River comprises the portion of the watershed from the
Highway 210 bridge to the outlet of Moss Lake (a distance of roughly 12 km),
excluding Bayou d’Inde (Figures E2-4a and E2-4b). The primary physiographic
features in this portion of the study area include the Calcasieu Ship Channel, Prien
Lake, theoriginal Calcasieu River channel, and Moss Lake. For thisassessment, the
Indian Wells Lagoon and Bayou Olsen were aso included in the Middle Calcasieu
River study area. The areas of interest within the MCR AOC include South Prien
Lake and the Indian Wells Lagoon outflow (MacDonald et al. 2001). To facilitate
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assessment of risks to the benthic invertebrate community, the MCR AOC was

divided into five reaches, including:

* Middle Calcasieu River - Mainstem (i.e., Calcasieu Ship Channel and the
old river channel, to the outlet of Moss L ake, excluding the portion of the
channel south of Prien Lake; Figures E2-4a and E2-4b);

* Prien Lake and the upper old river channel (Figure E2-4a);

* Indian Wells Lagoon (Figure E2-4a);

» Bayou Olsen (i.e., from the headwaters to the mouth; Figure E2-4b); and,

* MossLake (i.e., excluding the Calcasieu Ship Channel; Figure E2-4b);.

The risks to benthic invertebrate community posed by exposure to contaminated
sediments and contaminated pore water were evaluated for each of these reachesand
for the MCR AOC asawhole. Additionally, hot spotswith respect to contaminated

sediments and pore water were identified when possible.

3.6.3.1 Nature of Effects on the Benthic Invertebrate Community in the

Middle Calcasieu River Area of Concern

Intotal, dataon five measurement endpoi ntswere used to determineif adverseeffects
on the benthicinvertebrate community were occurring intheMCR AOC in response
to exposure to COPCs, including whole-sediment chemistry, pore-water chemistry,
whole-sediment toxicity, pore-water toxicity, and benthic invertebrate community
structure. These dataalso provided abasisfor assessing the nature of the effectsthat
areoccurring or arelikely to be occurring to benthic invertebrate communities. Both
the presence of conditions sufficient to cause or substantially contribute to effects

(i.e., predicted incidence of toxicity) and occurrence of specific typesof effects(i.e.,
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observed incidence of toxicity) were used to determineif effectsare occurring within

the study area and to determine the nature of those effects.

When considered in conjunction with numerical SQGs, whole-sediment chemistry
data provide abasisfor evaluating the effects of contaminated sediments on benthic
invertebrates. Thewhole-sediment chemistry datacollected during Phasel and Phase
Il of the RI were evaluated using estuary-specific concentration-response model sfor
the amphipods, Hyalella azteca and Ampelisca abdita. Theresultsof thisevaluation
indicate that roughly 29% (48 of 163; Table E2-42) and 59% (96 of 163; Table
E2-41) of the sediment samplesfromthe M CR AOCshave concentrationsof metals,
PAHSs, and or PCBsthat are sufficient to cause or substantially contribute to toxicity
to freshwater and marine amphipods, respectively. These data demonstrate that
sediment quality conditionsin the MCR AOC are sufficient to reduce the survival

and growth of sediment-dwelling organisms.

The pore-water chemistry datacollected during the Phase | Rl were compared to the
chronic toxicity thresholds (Tables E2-45, E2-48, and E2-49). The results of this
evaluationindicatethat thechronictoxicity thresholdsfor total ammoniaor hydrogen
sulfide were exceeded in 47% of the samples (i.e., 7 of 15) that were collected from
theMCR AOC (based on one or more exceedances of thetoxicity thresholdsfor pore
water; Table E2-45). For the other COPCs (i.e., metals or organic substances), one
or more chronic toxicity thresholds were exceeded in all of the pore-water samples
(n=8) collected from the MCR AOC of the Calcasieu Estuary (Tables E2-48 and
E2-49). Therefore, theconcentrationsof certain conventional variablesin porewater
from MCR AOC sediments are sufficient to adversely affect benthic invertebrates.
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Based on the results of acute and chronic toxicity tests, it is apparent that whole
sedimentsfromthe MCR AOC are adversely affecting the survival and/or growth of
benthic invertebrates. Of the 15 whole-sediment samples that were collected from
the MCR AQOCs, atota of eight (53%) were found to be acutely toxic to marine
amphipods (i.e., survival was lower than the 95% L CL for samples from reference
areas; Table E2-43). By comparison, four of the 15 whole-sediment samples (27%)
fromthe MCR AOCswere chronically toxic to freshwater amphipods (i.e., survival
or growth was lower than the 95% LCL for samples from reference areas, Table
E2-44). Because the reductionsin the survival or growth of amphipods have been
linked to impaired reproductive success (Swartz e al. 1994; USEPA 2000b), it is
likely that reproduction of sediment-dwelling species would also be impaired in
response to exposure to contaminated sediments in the MCR AOC. These data
demonstrate that sediment quality conditions in the MCR AOC are sufficient to
adversely affect the survival and/or growth of benthic invertebrates.

Theresults of pore-water toxicity tests also provide abasisfor assessing the risksto
benthic invertebrate communities associated with exposure to COPCs in the
Calcasieu Estuary. Overall, two of the eight pore-water samples (25%) from the
MCR AOC were toxic to the sea urchin, Arbacia punctulata, in short-term toxicity
tests (i.e., <48-h) when gamete fertilization and normal embryo development were
considered (Table E2-46). These data suggest that sediment quality conditions
sufficient to adversely affect the reproduction of benthic invertebrates occur in
portions of the MCR AOC.

Information on the structure of benthic invertebrate communities in the Calcasieu
Estuary was aso collected as part of the Phase |1 of the RI. The results of cluster

analyses of these data indicate that the structure of the benthic invertebrate
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community wasimpacted in six of the 15 sediment sampl es (40%) that were coll ected
in the MCR AOC (Table E2-47). When considered on a per reach basis, the
incidence of effects on the benthic invertebrate community in the MCR AOC was
similar to or lower than the incidence of effects that was observed for the reference
areasinall reachesexcept Indian WellsL agoon (100%; n=3) and Bayou Ol sen (60%;
n=5).

When considered together, the five lines of evidence indicate that contaminated
sedimentsinthe MCR AOC poserisksto the benthicinvertebrate community. More
specifically, it is likely that the survival, growth, and reproduction of benthic
invertebrates are being adversely affected by exposure to contaminated sediments.
Therefore, it is concluded that significant effects on the benthic invertebrate

community are occurring in the MCR AOC.

3.6.3.2 Magnitude of Effects on the Benthic Invertebrate Community in

the Middle Calcasieu River Area of Concern

The magnitude of the effects on benthic invertebrates exposed to contaminated
sediments was evaluated using two lines of evidence, including whole-sediment
toxicity and whole-sediment chemistry. Based on the results of acute and chronic
toxicity tests, it is apparent that exposure to whol e sediments or pore water from the
MCR AOC isassociated with arange of responsesin sediment-dwelling organisms.
Of the 15 whole-sediment samples that were collected from the MCR AOC, atotal
of eight (53%) werefound to posealow risk to marineamphipods(i.e., survival rates
of Ampelisca abdita were similar to those observed for samplesfromreference areas,
Table E2-50). By comparison, the survival of marine amphipodswas reduced by 10
to 20% in three of the samples (20%) and by >20% in four of the samples (27%)
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fromthe MCR AOC (Table E2-50). For Hyalella azteca, survival in 28-d toxicity
tests was similar to that for reference samplesin 12 of 15 whole-sediment samples
(80%) from the MCR AOC (Table E2-51). By comparison, the survival of
freshwater amphipods was reduced by 10 to 20% in one of the samples (7%) and by
>20% in two of the samples (13%) fromthe MCR AOC (Table E2-51). Of theeight
pore-water samples collected from the MCR AQOC, two (25%) had sea urchin
fertilization ratesthat were dissimilar to those that were observed in pore water from
reference sediments (Table E2-52); both sampleswere considered to poseahigh risk

to benthic invertebrates.

The magnitude of toxicity to benthic invertebrate communities was also evaluated
using thewhol e-sediment chemistry data collected during Phase | and Phasell of the
RI. More specifically, the predicted magnitude of toxicity was determined for each
whol e-sediment sampl e usi ng estuary-specific concentration-response model sfor the
amphipods, Hyalella azteca and Ampelisca abdita (Figures E2-8 and E2-11). The
results of this evaluation indicate that the concentrations of metals, PAHs, and or
PCBs in whole-sediment samples from the MCR AOC (i.e., as indicated by mean
PEC-Qs) generaly pose a low risk to the benthic invertebrate community. The
predicted survival of marine amphipods in 138 of 163 (85%) whole-sediment
samplesfromthe MCR AOC waswithin 10% of the lower limit of the normal range
(i.e., 95% confidence intervals) of predicted survival rates for the reference areas
(Table E2-53); indeterminate and high risks to the benthic invertebrate community
wereindicated for 7 (4%) and 18 (11%) whole-sediment sampl es, respectively, based
on predicted magnitude of toxicity to marine amphipods (Table E2-53). By
comparison, the predicted magnitude of toxicity to freshwater amphipods indicates
that 154 (94%), 2 (1%), and 7 (4%) whole-sediment samples from the MCR AOC
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posealow, indeterminate, and high risk to the benthicinvertebrate community (Table
E2-54).

Overall, the information on the observed and predicted magnitude of toxicity to
freshwater and marine amphipods indicates that exposure to whole sediments from
the MCR AOC generally poses a low risk to the benthic invertebrate community
(Tables E2-50, E2-51, E2-53, and E2-54). Nevertheless, the concentrations of
COPCs are sufficient to cause or substantially contribute to sediment toxicity in at
least 15% of the whole-sediment samples collected from this AOC (n=163).
Importantly, the survival of marine or freshwater amphipods was reduced by more
than 10% relativeto referencein at least 47% of the whol e-sediment samples tested
fromthisAOC (i.e., 7 of 15 samples). These results demonstrate that this AOC has
anumber of hot spots with respect to sediment contamination and toxicity that may

require remedial action.

3.6.3.3 Preliminary Assessment of the Areal Extent of Effects on the
Benthic Invertebrate Community in the Middle Calcasieu River

Area of Concern

A preliminary assessment of the areal extent of adverse effects on benthic
invertebrate communitiesintheM CR A OC was conducted using the whol e-sediment
chemistry datathat were collected in Phase | and Phase Il of the RI. To support this
evaluation of the spatial distribution of effects, mean PEC-Qs were calculated for
each of the sediment samples (n=163) that were obtained from the MCR AQOC.
Subsequently, each sediment sample was classified into one of three categories (i.e.,
low, indeterminate, or high), based on the risk that it posed to marine amphipods,

freshwater amphipods, and seaurchins(i.e., using the estuary-specific concentration-
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response model). Then, these data were compiled on a reach by reach basis and
mapped using ArcView/Spatial Analyst software. Thereachesthat were considered
in this analysis included the Middle Calcasieu River mainstem, Prien Lake and the

upper old river channel, Indian Wells Lagoon, Bayou Olsen, and Moss L ake.

Middle Calcasieu River - Mainstem Reach - Whole-sediment chemistry data
areavailablefor atotal of 76 samplesfromthe Middle Calcasieu River mainstem
reach of the MCR AOC. The geometric mean of the mean PEC-Q for these
samplesis 0.147, suggesting that an average sediment-associated contaminants
pose relatively low risks to sediment-dwelling organisms in this reach of the
estuary (Tables E2-53 and E2-54). Nevertheless, mean PEC-Qs sufficient to
reduce the survival of marine amphipodsby 10 to 20% relativeto reference areas
were observed in five (7%) of the 76 sediment samples from this reach (Table
E2-53). Inaddition, two (3%) of the 76 whole-sediment samples collected from
this reach had mean PEC-Qs sufficient to reduce the survival of freshwater
amphipods by 10 to 20%, relative to reference conditions (Table E2-54).
Sediment-associated contaminants pose higher risks (i.e.,, >20% reduction in
predicted survival) to marine amphipods at seven locations (9%) in this reach
(Table E2-53). The locations where contaminated sediments pose an
indeterminate or high risk to sediment-dwelling organisms principally included
the vicinity of the Citgo and W.R. Grace properties on the Calcasieu Ship
Channel (Figures E2-65a, E2-65b, E2-68a, and E2-69a). No samples were
collected to support toxicity testing of whole sediments or benthic invertebrate

community structure assessment in this reach.

Prien Lake and Upper Old River Channel Reach - For the Prien Lake and
upper old river channel reach of the MCR AOC, whole-sediment chemistry data
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are available for atotal of 49 samples. The geometric mean of the mean PEC-Q
for these samples is 0.114, suggesting that on average sediment-associated
contaminants generally poserelatively low risksto sediment-dwelling organisms
in this reach of the estuary (Tables E2-53 and E2-54). None of the whole-
sediment samples from this reach had mean PEC-Qs sufficient to reduce the
survival of freshwater or marine amphipods by 10 to 20% relative to reference
areas (Tables E2-53 and E2-54). Lower survival (i.e., >20% reduction relative
to reference) of freshwater and marine amphipods was predicted for two (4%)
sediment samplesfromthisreach (TablesE2-53 and E2-54). Thelocationswhere
contaminated sediments pose ahigh risk to sediment-dwel ling organismsinclude:
the west central portion of Prien Lake and the northern portion of the old river
channel (Figures E2-65a, E2-65b, E2-66a and E2-66b). The results of whole-
sediment toxicity tests indicate that whol e-sediment samples from the southwest
portion of Indian Bay (at the terminus of Henderson Road) and in the most
southerly portion of the old river channel (Figures E2-67a, E2-68a, E2-69a, and
E2-70a) were toxic to freshwater amphipods or marine amphipods. Benthic
invertebrate community structure was not impacted in any of the samples

collected from this reach (n=4; Figure E2-723).

Indian Wells Lagoon Reach - Based on the results of chemical analysis of 10
whole-sediment samples, it is apparent that sediment-associated contaminants
generally pose a high risk to benthic invertebrates in the Indian Wells Lagoon
reach of Middle Calcasieu River. A geometric mean of the mean PEC-Q of 1.15
was calculated for the reach, which is the highest for any reach of the estuary
(Tables E2-53 and E2-54). Application of the concentration-response
relationships for both freshwater and marine amphipods to the whole-sediment

chemistry data suggests that none of the samples collected in this reach pose an
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indeterminate risk to benthic invertebrates (Tables E2-53 and E2-54). However,
eight (80%) of the samples pose a high risk to freshwater or marine amphipods
(Tables E2-53 and E2-54), with sediment samplesfrom the central and northerly
portions of the lagoon posing the highest risks to benthic invertebrate
communities (Figures E2-65a, E2-65b, E2-66a, and E2-66b). All of the samples
(n=3) collected from Indian Wells Lagoon were found to be toxic to freshwater
amphipods, marine amphipods, and/or sea urchins (Figures E2-67a, E2-68b,
E2-69a, E2-70a, and E2-71a). Benthic invertebrate community structure was
impacted in al of the samples collected from this reach (n=3; Figure E2-72a).

Bayou Olsen Reach - Based on the available whole-sediment chemistry data,
Bayou Olsen had among thelowest geometric mean of the mean PEC-Qs(0.116)
for the MCR AOC. As such, risksto the benthic invertebrate community were,
on average, classified as low within this reach (Tables E2-53 and E2-54).
Evaluation of these whole-sediment chemistry data on a sample by sample basis
indicates that the concentrations of COPCsare likely to pose low risksto benthic
invertebrates (Tables E2-53 and E2-54; Figures E2-65¢ and E2-66¢). However,
theresults of whol e-sediment toxicity tests demonstrate that 40% of the sediment
samples (n=5) from Bayou Olsen are toxic to freshwater or marine amphipods
(Figures E2-67b, E2-68b, E2-69b, and E2-70b; Tables E2-43 and E2-44).
Likewise, benthic invertebrate community structure was impacted in most (i.e.,
3 of 5) samples collected from thisreach (Figure E2-72b). These results suggest
that stressors other than metals, PAHs and PCBs are causing or substantially

contributing to the effects that have been observed in this reach.

Moss Lake Reach - For MossL ake, whole-sediment chemistry dataareavailable

for 17 sediment samples. The geometric mean of the mean PEC-Qs that were
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calculated for these samples (0.159) suggests that sediments within thisreach of
the MCR AOC generally pose relatively low risks to benthic invertebrate
communities (Tables E2-53 and E2-54). Nevertheless, the concentrations of
sediment-associated contaminants are sufficient to pose indeterminate and high
risksintwo (12%) and one (6%) of the 17 sediment sampl es, respectively (Tables
E2-53 and E2-54; Figures E2-65¢ and E2-66¢). Of the three whole-sediment
samples that were tested for this reach, one was found to be acutely toxic to
marine amphipods, freshwater amphipods, or sea urchins (Figures E2-67b, E2-
68b, E2-69b, E2-70b, and E2-71b). None of the samples from this reach had
impacted benthic invertebrate community structure (n=3; Figure E2-72b).

In summary, sediments within the MCR AOC are generally of sufficient quality to
support the normal survival, growth, and reproduction of benthic invertebrates.
Overall, the mean PEC-Qs calculated (0.154) indicate that the sediment samples
collected from this AOC have chemical characteristics that are similar to those that
were measured in the reference areas. However, roughly 15% of the sediment
samples from the MCR AOC have contaminant concentrations sufficient to pose
indeterminate or high risksto freshwater and marine amphipods. The hot spotswith
respect to sediment contamination are largely associated with the Middle Calcasieu
River mainstem (i.e., western shoreline) and the Indian Wells Lagoon reaches of the
MCR AOC.

3.6.3.4 Contaminants of Concern in the Middle Calcasieu River Area of

Concern

Following the assessment of risks to the benthic invertebrate community, it is

important to identify the factors that are causing or substantially contributing to
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adverse effects on sediment-dwelling organisms. In this document, the substances
that occur in MCR AOC sediments at concentrations that are sufficient to cause or
substantially contribute adverse effects on the survival, growth, or reproduction of
benthic invertebrates aretermed COCs. The COCsinthe MCR AOC, relativeto the
potential for adversely affecting benthic invertebrate communities, were identified
by comparing the concentrations of COPCsinwhol e sediments and pore water to the
concentrations of those substances in reference sediments and to the selected
benchmarks for those substances. Additionally, the distributions of the effects and
no effectsdatafor each biological endpoint were examined to confirm that therewas

concordance between chemical concentrations and biological responses.

Based on the results of the exposure assessment, atotal of 86 substances or groups
of substances occurred in whole sediments from the MCR AOC at levels above the
95% UCL for reference sediments (Table E2-37). Subsequent screening against
benchmarks for whole-sediment chemistry revealed that the majority of these
substances represent preliminary COCs relative to the benthic invertebrate
community (Table E2-67). Divergence of the cumulative effects and no effects
distributionscompiled using the matchi ng sediment chemistry and | aboratory toxicity
data or benthic invertebrate community data confirmed that the substances that
represent COCsinthe MCR AOC include (Tables E2-56 to E2-58; Figures E2-20 to
E2-56): chromium; copper; lead; mercury; zinc; numerous individual PAHS; total
LMW-PAHS; total HMW-PAHS; total PAHS; total PCBs; adrin; BEHP; HCB; and
TCDD-TEQs (Table E2-68). Historic and/or ongoing sources of all of these
substances are known to occur in the estuary (see BPF for more information on the
sourcesof these COCs). Insufficient information wasavailableto determineif many
other substances represented COCs, including methyl mercury, various individual
PAHSs, Aroclor 1254, various PCB congeners, dieldrin, certain phthalates, HCBD and
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other chlorinated benzenes, 1,2-dichloroethane, PCDDs/PCDFs, acetone, and carbon
disulfide.

Dataon the concentrations of COPCsin pore-water samplesalso providesimportant
information for identifying COCs. Comparison of the measured concentrations of
COPCs in pore water to the concentrations in pore water from reference sediments
(Table E2-32), and to thetoxicity thresholdsfor porewater (Table E2-60), and inthe
effectsand no effectsdistributions(based on theresultsof the seaurchin toxicity test;
Table E2-61) indicates that hydrogen sulfide, 1-methylnaphthalene,
benz(a)anthracene, and benzo(a)pyrene should be considered to be COCs in pore
water (Table E2-69).

Thesubstancesthat occur inwhol e-sediment or pore-water samplesat concentrations
above those in reference areas, above the selected benchmarks, and show
concordancewith thebiological response data, represent the COCsrelativeto effects
on benthic invertebrates. In the MCR AQOC, the COCs include hydrogen sulfide,
chromium, copper, lead, mercury, zinc, numerous individual PAHSs, total LMW-
PAHSs, total HMW-PAHS, total PAHSs, total PCBs, adrin, BEHP, HCB, and TCDD-
TEQs. Theresultsof 28-d bioaccumulation tests with the polychaete, Nereis virens,
confirm that the following substances have accumulated to elevated levels in the
tissues of benthic invertebrates (i.e., mean concentrations are factor of two or more
higher than those in reference areas) and, hence, are bioavailable in MCR AOC
sediments (Table E2-63): chromium, nickel, various PCB congeners, BEHP, and
certain PCDDs and PCDFs.
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4.0 Uncertainty Analysis

4.1

There are a number of sources of uncertainty in assessments of risk to the benthic
invertebrate community, including uncertainties in the conceptual model, in the
exposure assessment, and in the effects assessment. As each of these sources of
uncertainty can influencetheestimationsof risk, itisimportant to describeand, when
possible, quantify the magnitude and direction of such uncertainties. The purpose of
this section is to evaluate uncertainty in a manner that facilitates attribution of the
level of confidencethat can be placed in the assessments conducted using thevarious
lines of evidence. Accordingly, the uncertainties associated with the assessment of

risks to benthic invertebrate communities are described in the following sections.

Uncertainties Associated with the Conceptual Model

The conceptual model isintended to define the linkages between stressors, potential
exposure, and predicted effects on ecological receptors. As such, the conceptual
model provides the scientific basis for selecting assessment and measurement
endpoints to support the risk assessment process. Potential uncertainties arise from
lack of knowledge regarding ecosystem functions, failure to adequately address
gpatial and temporal variability in the evaluations of sources, fate, and effects,
omission of stressors, and overlooking secondary effects (USEPA 1998). Thetypes
of uncertaintiesthat are associated with the conceptual model that links contaminant
sources to effects on the benthic invertebrate community include those associated
with the identification of COPCs, environmental fate and transport of COPCs,
exposure pathways, receptors at risk, and ecological effects. Of these, the
identification of exposure pathways probably represents the primary source of

uncertainty in the conceptual model.
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4.2

In this assessment, it was assumed that exposure to whole sediments and pore water
represents the most important pathways for exposing benthic invertebrate
communities to COPCs (i.e., as the benthic invertebrates associated with benthic
habitatslikely play the most important role key ecol ogical functionsand contaminant
concentrations are likely to be highest in these media types). However, benthic
Invertebrates may also be exposed to COPCsin the water column. As such, risksto
thebenthicinvertebrate community could be under-estimated if thispathway resulted

in significant exposure of benthic benthos to COPCs.

Uncertainties Associated with the Exposure Assessment

Theexposure assessment isintended to describetheactual or potential co-occurrence
of stressorswith receptors. Assuch, the exposure assessment identifiesthe exposure
pathways and the intensity and extent of contact with stressors for each receptor or
group of receptorsat risk. There are anumber of potential sources of uncertainty in

the exposure assessment, including measurement errors, extrapol ation errors, and data

gaps.

In this assessment, two types of measurements were used to evaluate exposure of
benthic invertebrate communities to COPCs: chemical analyses of environmental
media (i.e., whole sediment and pore water); and, toxicity tests conducted using
indicator species. Relative to the pore-water and whole-sediment chemistry data,
analytical errors and descriptive errors represent potential sources of uncertainty.
Three approaches were used to address concerns relative to these sources of
uncertainty. First, analytical errorswereevaluated using information ontheaccuracy,
precision, and detection limits that are generated to support the Phase | and Phase |

sampling programs. The results of this analysisindicated that most of the data used
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In this assessment met the project data quality objectives (see Appendix B1 for more
details). Second, all dataentry, datatransl ation, and datamanipulationswere audited
to assure their accuracy. Data auditing involved 10% number-for-number checks
against the primary data source initialy, increasing to 100% number-for-number
checks if significant errors were detected in the initial auditing step. Finally,
statistical analyses of resultant data were conducted to evaluate data distributions,
identify the appropriate summary statistics to generate, and evaluate the variability
in the observations. As such, measurement errors in the pore-water and whole-
sediment chemistry data are considered to be of minor importance and are unlikely

to substantially influence the results of the risk assessment.

The treatment of whole-sediment or pore-water chemistry data has the potential to
influence theresults of the BERA. In particular, the treatment of |ess than detection
limit data can effect the results of the exposure assessment and the risk
characterization. A number of investigators have evaluated the implications of
applying various procedures for estimating the concentrations of COPCs from less
than detection limit data (Gaskin et al. 1990; Porter and Ward 1991, El-Shaawari and
Esterby 1992; Clarkeand Brandon 1994). Whilethereisno consensusonwhich data
censoring method should be used in various applications, the simplest methods tend
to be used most frequently, including del etion of non-detect values or substitution of
aconstant, such as zero, the detection limit, or one-half the detection limit (USACE
1995).

To addressthe need for guidelinesfor statistical treatment of |essthan detection limit
data, the USACE (1995) conducted a simulation study to assess the performance of
10 methods for censoring data. The results of that investigation indicated that no
single data censoring methods works best in all situations. Accordingly, United
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States Army Corps of Engineers (USACE) recommended a variety of methods
depending on the proportion of the data that requires censoring, the distribution and
variance of the data, and the type of data transformation. For data sets for which a
low to moderate proportion of the datarequire censoring, substitution of thedetection
limitisgenerally the preferred methods (i.e., to optimize statistical power and control
typel error rates). However, asthe proportion of the datathat requires censoring and
the coefficient of variation of the dataincrease, statistical power isbetter maintained
by substituting of one-half the detection for the less than detection limit data,
particularly for lognormally distributed and transformed data. Substitution of zero
or other constants was also recommended for avariety of circumstances. Overall, it
was concluded that simple substitution methods work best to maintain power and
control error ratesin statistical comparisonsof chemical concentration data(USACE
1995).

In this analysis, decisions regarding the treatment of less than detection limit data
were made by considering the recommendations that have emerged from previous
investigations in the context of their potential effects on the results of the BERA.
Including all of the whole-sediment or pore-water chemistry datathat were collected
inthe Calcasieu Estuary RI, roughly 80% of the datarequired censoring prior to data
anaysis. Tominimizethe potentia effects of thelessthan detection limit dataon the
resultsof the BERA, none of thelessthan detection limit datafor which the detection
limitswere greater than the corresponding toxicity thresholdsfor whole-sediment or
pore-water chemistry (i.e., benchmarks) were used in the exposure analysis.
Consistent with the guidance devel oped by USA CE (1995), one-half of thedetection
limit was substituted for all of the other |essthan detection limit data. Thisprocedure
facilitated the estimation of distributions of the concentrations of COPCs and
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eliminated the potential for identifying significant risks based on less than detection
limit data.

Selection of an alternate procedure for treating the less than detection limit data has
the potential for influencing the results of the BERA. For example, substitution of
zero for less than detection limit data would have altered the distributions of the
COPC concentration data for the three AOCs and the reference area (i.e., the
estimated 5™, 10", 25™, 50", 75™, 90", and 95" percentile concentrationswould likely
have been lower than the estimates developed for the exposure assessment).
Likewise, substitution of the detection limit for the less than detection limit data
would have altered the distributions of the COPC concentration data for the three
AOCsandthereferencearea(i.e., the estimated 5", 10", 25", 50™, 75", 90™, and 95"
percentile concentrationswould likely have been higher than the estimatesdevel oped
for the exposure assessment). Although the influence of these alternate methods on
the estimate of the 75" or 95" percentile concentration would likely have been
relatively minor, their selection could haveinfluenced theidentification of COCsfor
one or more AOCs. However, neither the nature, magnitude, nor areal distribution
of risksto benthic invertebrate communities was affected by the selection of data
treatment methods. As such, the potential impact of the methods that were selected
for treating less than detection limit data on the results of the BERA are considered

to be minor.

Data gaps also represent a source of uncertainty in the assessments of exposure for
aguatic receptors. For example, the available data on the chemical composition of
pore waters were limited to 50 samples (i.e., compared to over 500 for whole
sediments). As such, it is difficult to assess exposure of benthic invertebrate

communitiesto porewater in certain reachesof the Calcasieu Estuary. Althoughthis
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4.3

data gap issignificant, it is mitigated to a large extent by the abundance of data on

whole-sediment chemistry.

Uncertainties in the Effects Assessment

Theeffects assessment isintended to describethe effectsthat are caused by stressors,
link them to the assessment endpoints, and evaluate how effects change with
fluctuations in the levels (i.e., concentrations) of the various stressors. There are
several potential sources of uncertainty in the assessment of effects on aguatic

receptors, including measurement errors, extrapolation errors, and data gaps.

Inthisinvestigation, the effects on benthic invertebrate communities associated with
exposure to sediment-associated COPCs were evaluated using several types of
information, including toxicity benchmarks for whole-sediment chemistry, toxicity
benchmarks for pore water, whole-sediment and pore-water toxicity tests, and
estuary-specific concentration-response relationships.  Although the toxicity
benchmarks are not subject to measurement errors, the toxicity tests are. For this
reason, potential measurement errors associated with toxicity tests were also
evaluated intheuncertainty analysis. Morespecifically, thedataon negative controls
and positive controls were examined to identify potential measurement errors. In
addition, the results obtained from samples collected in the reference areas were
considered in this analysis. More specifically, a reference envelope approach was
used to classify whole-sediment and pore-water samples as toxic or not toxic.
Because this approach facilitated the determination of the normal range of responses
for samples from reference areas and only samples for which the response was
beyond the 95% L CL (i.e., 25" percentile), the probability of incorrectly classifying

anot-toxic sampleastoxicisroughly 0.025. However, the probability of incorrectly
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classifying atoxic sample as not-toxic is probably higher. Therefore, application of
the reference envelope approach may tend to underestimate risks to the benthic
invertebrate community. Because the concentration-response relationships were
developed using the whole-sediment chemistry and toxicity data, these models are
subject to the same measurement errors that were ascribed to the underlying data.
Importantly, the steps that were taken to minimize the potential impacts of
measurement errorson theresultsof the analyses conducted with thewhol e-sediment
chemistry or whole-sediment toxicity data also reduce the uncertainties associated

with concentration-response models.

There are several sources of extrapolation errors in the effects assessment for the
Calcasieu Estuary BERA. First, the toxicity benchmarks for whole sediments were
primarily the concentrations that corresponded to a 50% probability of observing
toxicity to marine amphipods. Although these benchmarks were considered to
provide a conservative basis for identifying COCs, it is possible that these
benchmarks could underestimate the effects of sediment-associated contaminantson
more sensitive benthic species. Second, the toxicity benchmarks for pore water are
primarily chronic WQC for marine organisms or functionally equivalent values.
Whilethese WQCsareintended to bebroadly applicableto waterbodiesin the United
States, their rel evance to sediment-dwel ling organisms could be questioned. For this
reason, Di Toro ez al. (1991) conducted an eval uation of theapplicability of theWQC
and concluded that they can be used in sediment quality assessments (e.g., for
deriving equilibrium partitioning-based sediment guidelines). Third, indicator
species have been used in this investigation to assess the effects of contaminated
sediments on the benthic invertebrate community. Uncertainties associated with the
application of this approach were evaluated by reviewing the results of sediment

guality assessments conducted at other sites. Thisreview indicatesthat the results of
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whole-sediment toxicity tests are frequently well correlated with results of
assessments of benthic invertebrate community structure (Ingersoll et al. 2002;
Swartz et al. 1994; MacDonald et al. 2002; Hayward 2002). In some cases, adverse
effects on the benthic invertebrate community have been observed at lower levels of
contamination than is the case for the whole-sediment toxicity tests (Hyland ez al.
2002; MacDonald et al. 2002), probably dueto the combined effects of physical and
chemical stressors. The results of the selected pore-water toxicity tests have also
been correlated with adverse effects on sediment-dwelling organisms (Carr et al.
1996c). Finally, the concentration-response modelsthat wereincluded in the effects
assessment were devel oped using estuary specific data. Inthisway, theuncertainties
associated with extrapolation of the model s between areaswas avoided. The use of
multiplelinesof evidence also minimizesthe potential effectsof extrapolation errors
on the results of the BERA.

Uncertainty in the effects assessment for aquatic receptors is also increased by data
gaps. To the extent possible, this source of uncertainty was mitigated by collecting
detailed information on the effects of COPCs in the Calcasieu Estuary. In addition,
the use of multiplelinesof evidence providesabasisfor minimizing theinfluence of
data gaps on the effects assessment. Nevertheless, limitations on certain types of
data, such as concentration-response data for various benthic species, makes it
difficult to fully evaluate the effects of COPC exposures on benthic invertebrate
communities. For thisreason, the present assessment could over-estimate or under-

estimate risks to the benthic invertebrate community.
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5.0 Integrated Assessment of Risks to Benthic Invertebrates in

the Calcasieu Estuary Using a Weight of Evidence Approach

Information on five lines of evidence and multiple measurement endpoints for each
line of evidence was compiled to support the assessment of risks to the benthic
invertebrate community associated with exposure to contaminated sedimentsin the
Calcasieu Estuary. The previous sections of this appendix present the information
for each of these individual lines of evidence, and interpret that information to
evaluate effectson the survival, growth, or reproduction of benthicinvertebrates. As
such, the previous evaluations were used to provide the information needed to:
determineif adverse effectson benthicinvertebratesare occurring, or arelikely to be
occurring, within the Calcasieu Estuary; to evaluate the nature, severity, and areal
extent of such effects; and, to identify the substancesthat are causing or substantially

contributing to effects on the benthic invertebrate community.

Each of the lines of evidence that was used in the assessment of risks to benthic
invertebrate communities has certain strengths and limitations that influence its
application in the risk assessment process. For this reason, an uncertainty analysis
was conducted to evaluate thelevel of confidence that can be placed in the results of
analyses conducted using theindividual linesof evidence (Section 4.0). Importantly,
the uncertainty associated with the overall assessment of risks can be reduced by
integrating information from multiple lines of evidence using aweight of evidence

approach (Ingersoll and MacDonald 2002).

Historically, the sediment quality triad approach has been used to evaluate
concordance between measures of sediment chemistry, sediment toxicity, and benthic

invertebrate community structure. The contingency table presented in Table E2-70
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presents eight possible outcomes, based on the correspondence among these three
indicators of sediment quality conditions. In this investigation, multiple lines of
evidence are available for only a subset of the sediment samples that were collected
during the RI. For this reason, it was important to develop a procedure for
integrating multiple lines of evidence that could be applied regardless of the number

of lines of evidence that were available for a sample.

In thisinvestigation, asimplearithmetic procedure was used to integrate information
from multiple lines of evidence. In the first step of this process, the level of
confidence (i.e., weight; as quantified by calculating atotal evaluation score - TES;
Table E2-71) that could be placed in each measurement endpoint was scored from
one (low) to three (high) determined based on the following considerations (i.e.,
adapted from Suter et al. 2000):

Conceptual Model:

* Relevance of Exposure Pathway: Evidencewas given moreweight if the
exposure pathway examined wasthe most relevant for assessing the status
of the assessment endpoint. For example, exposure of aquatic plants to
surface water would be considered to be more relevant than exposure to
whole sediments; and,

* Relevance of the Measurement Endpoint. Evidence was given more
weight if themeasurement endpoint provided adirect estimate of thestatus
of the assessment endpoint or if validation studies have demonstrated that
measurement endpoint is predictive of the assessment endpoint. For
example, measurement of the survival and growth of amphipods is
considered to provide direct evidence for evaluating the survival and

growth of benthic invertebrates. By comparison, data on the fertilization
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and development of sea urchin gametes and embryos (which are pelagic
life history stages) is considered to provide less direct evidence for

evaluating the reproduction of benthic invertebrates.

Exposure Assessment:

* Level of Standardization. Evidence was given more weight if standard
methods were available and appropriately implemented to generate the
dataon exposure of receptorsat risk to COPCs. For example, thelevel of
standardization for surface-water chemistry and whole-sediment chemistry
would be high because standard methods were used to collect, handle,
transport, store, and analyse samples. By comparison, the level of
standardi zation for pore-water chemistry would belower because standard
methods for collecting and processing samples have not been described;

* Quality of Data: Evidence was given more weight if the data were
demonstrated to be of high quality. In this context, data quality was
evaluated by considering the project data quality objectives and consider
such criteria as accuracy, precision, and analytical detection limits;

*  Quantity of Data: Evidencewasgiven moreweight if thesamplesizewas
considered to be adequateto characterize conditionswithin the study area;

» Level of Temporal Coverage: Evidencewasgiven moreweight if the data
encompasses the relevant range of temporal variance of conditions. For
example, asingle sampling event was considered to evaluate characterize
whol e-sediment chemistry because such conditionsare unlikely to change
substantially on a seasonal basis. In contrast, surface-water chemistry is
likely to change on daily and seasonal bases, emphasizing the need for

more comprehensive data sets to characterize temporal variability; and,
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» Level of Spatial Coverage: Evidence was given more weight if the data
adequately represented the geographic area that was being assessed. In
this context, a measurement endpoint was scored high if samples were

available from most or all of the areas of concern and associated reaches.

Effects Assessment:

» Level of Standardization: Evidence was given more weight if standard
methods were available and appropriately implemented to generate the
dataon the effects associated with exposure of receptorsat risk to COPCs.
For example, concentration-response relationships were considered to be
stronger if the underlying toxicity tests and chemical analyses were
conducted using standard methods,

*  Meets Acceptability Criteria. Evidence was given more weight if the
established acceptability criteriafor the measurement endpoint were met.
For example, toxicity test results were weighted high if the negative and
positive control results were with acceptabl e ranges,

* Demonstrated Concentration - Response Relationship: Evidence was
givenmoreweight if it demonstrated arel ationship between themagnitude
of exposure and the effects;

* Relevance of the Exposure Medium: Evidence was given more weight if
the medium (i.e., surface water, sediment) considered in the assessment
was consistent with the mode of exposure for the site medium. For
example, theresults of pore-water toxicity testswould be lessrelevant for
assessing the status of the aquatic plant community than would the results
of surface-water toxicity tests;

o Level of Field Validation: Evidence was given moreweight if the results

of validation studies have demonstrated that the measurement endpoint
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provides areliable basis estimating the status of the assessment endpoint
or the status of other measurement endpoints that are predictive of the

assessment endpoint.

Consideration of the result that was obtained for each measurement endpoint (e.g.,
observed incidence of toxicity to marine amphipods, which was score 0, 1, or 2), in
conjunction with the weight (i.e., TES) that was assigned to that measurement
endpoint (which was scored from 1 to 3), provided abasisfor devel oping arisk score
for each measurement endpoint and line of evidence (Section 2.5). Subsequently, a

final risk score was calculated by averaging the risk score for each line of evidence.

The final risk score is intended to provide an integrated measure of the risks that
contaminated sediments pose to the survival, growth, or reproduction of benthic
invertebrate communitiesin the Calcasieu Estuary. More specifically, the final risk
scoreintegratestheresultsof whole-sediment toxicity tests, pore-water toxicity tests,
whole-sediment chemical analyses, pore-water chemical anayses, and benthic
invertebrate community analyses into a single parameter. While data for multiple
lines of evidence were available for only 100 of the 641 sediment samplesthat were
included in the analysis, the results of statistical analyses of the underlying data
indicate that thefinal risk scoreispositively correlated with therisk scorefor whole-
sediment chemistry (Figure E2-73). This is important because all five lines of
evidence are available for only 50 sediment samples and three lines of evidence are

available for only 100 sediment samples.

The concordance between the final risk score and the risk score for whole-sediment
chemistry indicatesthat thefinal risk scoresarelikely to be comparabl e regardl ess of

the number of lines of evidence that were considered in its calculation (i.e., one to
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5.1

fivelinesof evidence). Overal, 71 of 89 samples (80%) for which multiple lines of
evidence were available were classified the same (i.e., aslow, indeterminate or high
risk) regardless of the number of lines of evidence considered. Nevertheless, it is
important to note that final risk scores that are based on whole-sediment chemistry
alonecould underestimaterisksto the benthicinvertebrate community in some cases.
Roughly 2% (2 of 89) of the samples with low risk scores for whole-sediment
chemistry (i.e., <2) had final risk scores that were indicative of high risk to benthic
Invertebrate communities. Another 13% (12 of 89) of the sampleswere classified as
low risk using the risk score for whole-sediment chemistry, but were classified as
Indeterminate risk when multiplelines of evidence were considered. Although final
risk scores calculated using one line of evidence (i.e., sediment chemistry) may
underestimate risks in certain circumstances, they generally provide areliable basis
for estimating risks to the benthic invertebrate community. The results of the
Integrated assessment of risks to benthic invertebrates in the Calcasieu Estuary are

presented in the following sections of this appendix.

Integrated Assessment of Risks to Benthic Invertebrates in
the Upper Calcasieu River Area of Concern

Sampleswere collected from atotal of 146 |ocationsto support an assessment of the
risks posed to the benthic invertebrate community associated with exposure to
sediment and pore water within the UCR AOC. The results of this assessment
indicate that exposure to whole sediments and/or pore water in the UCR AOC
generaly posed a low risk to benthic invertebrates (i.e., average of the final risk
scoresof 0.838; n=146). Low final risk scores(i.e., < 2) were calculated for 86% of
the locations (i.e., 126 of 146) sampled within this AOC (Table E2-72).

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 106

Nevertheless, indeterminate (4%; 6 of 146) or high (10%; 14 of 146) risks to benthic
invertebrates were indicated for 14% of the locations that were sampled (i.e., 20 of
146) in the UCR AOC (Table E2-72). Consistent with the results of the analyses of
the information on individual lines of evidence, the locations where contaminated
sediments posed the highest risks (i.e., relative to the survival, growth, or
reproduction of benthic invertebrates) included the eastern portion of Lake Charles,
the Clooney Island barge slip, the northeastern and southwestern portions of the
Clooney Island Loop, the mouth of Bayou Verdine, and the northern, northwestern,
and central portions of Coon Island Loop (Figures E2-74a and E2-74b).
Indeterminate risks to the benthic invertebrate community exist in the eastern portion
of Lake Charles, in the Calcasieu River downstream of Lake Charles, the eastern
portion of Clooney Island Loop, in Contraband Bayou in the vicinity of the Port of
Lake Charles, and the central and southern portions of Coon Island Loop (Figures E2-

74a and E2-74b).

The biological conditions that occur within the three risk categories indicate that
sediments posing indeterminate and high risks are more toxic to benthic invertebrates
than are sediments posing low risks (Table E2-73). In addition, this increased
sediment toxicity is sufficient to adversely affect the structure of the benthic
invertebrate community. Therefore, it is concluded that the survival, growth, or
reproduction of benthic invertebrates is being adversely affected by exposure to
contaminated sediments in portions of the UCR AOC relative to reference conditions.
Because many of the COCs in the UCR AOC are considered to be relatively
persistent in surficial and deeper sediments and there is little evidence that COC
concentrations are decreasing over time (see Table E1-7 of Appendix E1), it is likely
that such effects will continue to impact the benthic invertebrate community unless
corrective action is taken to reduce risks in high (and certain indeterminate) risk

locations.
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5.2 Integrated Assessment of Risks to Benthic Invertebrates in
the Bayou d’Inde Area of Concern

Sampleswere collected from atotal of 315 locationsto support an assessment of the
risks posed to the benthic invertebrate community associated with exposure to
sediment and pore water withinthe Bl AOC. Theresults of this assessment indicate
that exposure to whole sediments and/or pore water in the Bl AOC posed risks to
benthic invertebrates ranging from low to high (i.e., average of the final risk scores
of 2.20; n=315). Roughly 49% of the locations that were sampled (i.e., 153 of 315)
in this AOC had low final risk scores (i.e., < 2; Table E2-72). However,
indeterminate (14%; 44 of 315) or high (37%; 118 of 315) risks to benthic
invertebrateswereindicated for 51% of thelocations(i.e., 162 of 315) intheBl AOC
(Table E2-72). Consistent with the results of the analyses of the individual lines of
evidence, the locations where contaminated sediments posed the highest risks (i.e.,
relative to the survival, growth, or reproduction of benthic invertebrates) included
Upper Bayou d' Inde from the CitCon property to the Highway 108 bridge, the off-
channel wetland and mainstem areas throughout Middle Bayou d’ Inde, PPG Canal,
the portions of Lockport Marsh closest to PPG Canal, the central portion of the
wetland areal ocated east of Lower Bayou d’ Inde, and Lower Bayou d’ Indemainstem
(Figures E2-75a and E2-75b). Indeterminate risks to the benthic invertebrate
community exist in Upper Bayou d’ Inde downstream of thel-10 bridge and fromthe
CitCon property to the Highway 108 bridge, the mainstem and off-channel wetland
areasthroughout Middle Bayou d' Inde, PPG Canal, the central portionsof Lockport
Marsh and thewetland arealocated southeast of Lower Bayou d’ Inde, and the L ower
Bayou d' Inde mainstem (Figures E2-75a and E2-75b).
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5.3

The biological conditions that occur within the three risk categories indicate that
sediments posing i ndeterminate and high risksare moretoxicto benthicinvertebrates
than are sediments posing low risks (Table E2-73). In addition, this increased
sediment toxicity is sufficient to adversely affect the structure of the benthic
invertebrate community. Therefore, it is concluded that the survival, growth, or
reproduction of benthic invertebrates is being adversely affected by exposure to
contaminated sedimentsin portions of the Bl AOC relative to reference conditions.
Because many of the COCsin the Bl AOC are considered to berelatively persistent
insurficial and deeper sedimentsand thereislittle evidencethat COC concentrations
are decreasing over time (see Table E1-7 of Appendix E1), it is likely that such
effectswill continue to impact the benthic invertebrate community unless corrective

action istaken to reduce risksin high (and certain indeterminate) risk locations.

Integrated Assessment of Risks to Benthic Invertebrates in
the Middle Calcasieu River Area of Concern

Sampleswere collected from atotal of 163 |ocationsto support an assessment of the
risks posed to the benthic invertebrate community associated with exposure to
sediment and pore water within the MCR AOC. The results of this assessment
indicate that exposure to whole sediments and/or pore water in the MCR AOC
generaly posed a low risk to benthic invertebrates (i.e., average of the final risk
scores of 0.674; n=163). Eighty-eight percent of the locations that were sampled
(i.e., 144 of 163) in this AOC had low final risk scores (i.e., < 2; Table E2-72).
Nevertheless, indeterminate (5%; 8 of 163) or high (7%; 11 of 163) risksto benthic
invertebrates were indicated for 12% of the locations (i.e., 19 of 163) in the MCR
AOC (Table E2-72). Consistent with the results of the analyses of the individual
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linesof evidence, thelocationswhere contaminated sedimentsposed the highest risks
(i.e., relative to the survival, growth, or reproduction of benthic invertebrates)
included the Middle Cal casieu River adjacent to the Citgo property and Indian Wells
Lagoon (Figures E2-76a, E2-76b, and E2-76c). Indeterminate risks to the benthic
invertebrate community exist in portions of Prien Lake and the upper old river
channel, in the Middle Calcasieu River in the vicinity of the Citgo property and the
W.R. Grace property, and thecentral portion of MossL ake (FiguresE2-76a, E2-76D,
and E2-76c).

The biological conditions that occur within the three risk categories indicate that
sedimentsposing indeterminate and high risksare moretoxicto benthicinvertebrates
than are sediments posing low risks (Table E2-73). In addition, this increased
sediment toxicity is sufficient to adversely affect the structure of the benthic
invertebrate community. Therefore, it is concluded that the survival, growth, or
reproduction of benthic invertebrates is being adversely affected by exposure to
contaminated sediments in portions of the MCR AOC relative to reference
conditions. Because many of the COCs in the MCR AOC are considered to be
relatively persistent in surficial and deeper sedimentsand thereislittle evidence that
COC concentrations are decreasing over time (see Table E1-7 of Appendix E1), itis
likely that such effects will continue to impact the benthic invertebrate community
unless corrective action is taken to reduce risks in high (and certain indeterminate)

risk locations.
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6.0 Summary and Conclusions

Therisksto benthic invertebrate communities posed by exposure to whol e sediments
and pore water were assessed in the Calcasieu Estuary. Intotal, information on five
lines of evidence was used to determineif the survival, growth, and/or reproduction
of benthic invertebrates have been adversely affected or is likely to have been
adversely affected by exposure to contaminated sediments in the estuary relative to
reference conditions. The five lines of evidence that were considered in the
assessment included whol e-sediment chemistry, whol e-sediment toxicity, pore-water

chemistry, pore-water toxicity, and benthic invertebrate community structure.

Theresults of thisassessment indicated that exposure to whole sediment and/or pore
water from the Calcasieu Estuary generally posed low risks to benthic invertebrate
communities(i.e., riskswereclassified aslow for 68% of thelocations sampled (423
of 624) within thethree AOCsinvestigated. However, indeterminate and high risks
to the benthic invertebrate community were indicated for 9% (58 of 624) and 23%
(143 of 624) of the locations sampled, respectively (Table E2-71). Of the three
AOCs considered, the risks to the benthic invertebrate community were highest in
Bayou d' Inde, based both on the incidence and magnitude of toxicity (i.e., observed
and predicted). Within this AOC, samplesfrom the lower portions of Upper Bayou
d’Inde, Middle Bayou d’ Inde, PPG Canal, theinner portionsof L ockport Marsh, and
L ower Bayou d’ Inde mainstem posed the highest risks. Although risksto the benthic
invertebrate community were generally lower in the UCR AOC and MCR AOC,
samples posing ahigh risk to benthic invertebrates were collected from the northern
portions of Clooney Island Loop, the northern portions of Coon Island Loop, the
Middle Calcasieu River in the vicinity of the Citgo property, and Indian Wells
Lagoon. Risksto the benthic invertebrate community are generally low throughout

the reference areas (Figure E2-77). An assessment of the risks posed to benthic
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invertebrates associated with exposure to COPCs at each of the stations sampled in
the Calcasieu Estuary is presented in Tables E2-74 to E2-92.

Theresults of the biological investigations conducted during the RI indicate that the
magnitude of effectstendstoincreasewith increasing risk to the benthic invertebrate
community. For example, the survival and/or growth of freshwater and marine
amphipodswerelower for thelocationsthat were designated as posing i ndeterminate
and high risks than was the case for the locations that were classified as posing low
risksto benthic invertebrates (Table E2-72). Likewise, thefertilization of seaurchin
gametes was reduced in the samples from locations that were designated as posing
indeterminate or high risks to the benthic invertebrate community (Table E2-72).
Importantly, the density of pollution indicator (i.e., tolerant) species, the density of
pollution sensitive species, species richness, and total abundance of benthic
invertebrates were generally lower for the sampling locations that were classified as
posing indeterminateand high risks, ascompared to the sampling | ocati onsthat posed
low risksto benthicinvertebrates(Table E2-72). Together, theseresultsdemonstrate
that the survival, growth, and/or reproduction of benthic invertebrates have been

Impairedinresponseto exposureto contaminated sedimentsin the Cal casieu Estuary.

The results of this assessment indicated that a number of substances are causing or
substantially contributing to adverse effects on the benthic invertebrate community

in the Calcasieu Estuary. More specifically, the COCs included:

* Hydrogen sulfide;
* Metads (chromium, copper, lead, mercury, nickel, and zinc);
* PAHs (1-methylnaphthalene, 2-methylnaphthalene, acenaphthene,

acenaphthylene, anthracene, fluorene, phenanthrene, total LMW-PAHS,

CALCASIEU ESTUARY BERA



APPENDIX E2 - ASSESSMENT OF RISKS TO THE BENTHIC INVERTEBRATE COMMUNITY — PAGE 112

benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene,
dibenz(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, pyrene, total
HMW-PAHSs, and total PAHS);

» PCBs (total PCBS);

* Chlorinated benzenes (HCB and HCBD);

* Phthalates (BEHP);

» Organochlorine pesticides (aldrin and dieldrin); and,

» PCDDsand PCDFs (total 2,3,7,8-TCDD TEQs).

All of these substances occurred in whole-sediment and/or pore-water samplesfrom
the Calcasieu Estuary at concentrationsin excess of those observed in samplesfrom
reference areas and in excess of the selected benchmarks. In addition, the
concentrations in the effects distribution were generally higher than the
concentrations in the no effects distribution for one or more of the measurement
endpoints (e.g., survival of Ampelisca abdita in 10-d toxicity tests). Many of these
substances or groups of substances also accumulated in the tissues of polychaetes
(Nereis virens) in 28-d bioaccumul ation tests and were shown to be associated with

toxicity to amphipods (Ampelisca abdita) in toxicity identification evaluations.
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